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Preface. 

Teachers  do  not  seem  to  recognise  how  close  a  connection 
exists  between  the  general  principles  of  Logic  and  the  theory 
and  practice  of  Teaching.  They  regard  Logic  as  a  subject 
that,  though  it  may  afford  valuable  mental  exercise,  has 
no  direct  bearing  on  their  professional  work.  It  is  the  aim 
of  this  book  to  show  that  such  a  view  is  entirely  erroneous. 
In  the  following  pages  I  have  endeavoured  to  explain  those 
parts  of  logical  doctrine  which  are  most  closely  related  to 
the  theory  of  teaching,  and  to  draw  from  them  suggestions 
as  to  the  best  methods  of  exposition  of  such  subjects  as 
fall  within  an  ordinary  school  course. 

With  this  aim  in  view,  I  have  not  hesitated  to  omit  much 
which  will  usually  be  found  in  an  elementary  work  on  Logic, 
but  which  does  not  subserve  the  purpose  I  have  in  view ; 
while,  on  the  other  hand,  I  have  treated  many  parts  of 
inductive  Logic  more  fully  than  is  usual  in  a  work  of  this 
kind.  In  the  matter  of  arrangement,  too,  I  have  not  adopted 
the  traditional  order  of  treatment.  For  instance,  induction 
precedes  deduction  because  it  seemed  to  me  more  in  keeping 
with  the  practice  of  teaching  to  establish  general  truths 
before  applying  them. 

It  is  my  hope  that  this  work  will — 

i.  Not  only  enable  the   reader  to  answer   questions 

which  bear  directly  on  the  principles  of  Logic,  but 

2.  Also  enable  him  to  treat  all  questions  on  the  theory 

of    teaching    in     a    more     thorough    and    more 

scientific  manner  than  heretofore,  and 
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3.   What  is  most  important  of  all,  suggest  to  him  ways 

in  which  the  lessons  he  gives  may  he  brought   to 

exhibit  a  truly  scientific  method. 

1  have  made  free  use  of  the  works  of  Mill,  fevons,  ami 

Fowler,  and  am  especially  indebted  to  Venn's  ik  Empirical 

Logic."     Occasional   reference    has    been    made  to    1  Jains 

" Induction,"  Keynes'  "Formal   Logic,"  Ray's  "Deductive 

Logic,"  and  Welton's  ''Manual  of  Logic."    I  have  availed 

myself,   also,  of  the  valuable    suggestions    regarding  this 

subject  offered  in  the  Report  of  the  Departmental  Committee 

on  the  Pupil  Teacher  System.  J.    10.   A. 
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CHAPTER   L 
On  the  Subject  Matter  of  Logic. 

Definition  of  Logic. — When  we  embark  on  the  study, 
of  a  subject  that  is  new  to  us  we  do  not  usually  think  it 
necessary  to  form  an  exact  idea  of  the  full  scope  of  our 
enquiry  ;  for  instance,  we  learn  something  of  oxygen,  water, 
iron,  etc.,  long  before  the  whole  bearing  of  chemistry  is  dis- 
closed to  us;  again,  we  might  be  puzzled  to  give  a  complete 
description  of  the  lines  of  enquiry  which  History  follows, 
though  we  may  have  pursued  some  of  these  with  some 
approach  to  completeness,  e.g.,  the  Wars  of  the  Roses  or 
the  Rise  of  the  British  Constitution.  A  definition  of 
Chemistry  or  History  at  the  outset  is  unnecessary,  and 
would  be  incomplete  since  their  spheres  of  enquiry  are  ever 
widening,  but  the  subject  of  Logic  seems  to  call  for  an 
express  statement  of  the  subject  matter  with  which  it  deals. 
We  may  obtain  a  general  idea  of  the  scope  of  Logic  before 
arriving  at  a  precise  definition. 

In  the  course  of  an  hour's  conversation  we  make  formal 
statements  of  many  facts  which  are  not  questioned  :  we  hear 
many  statements  which  we  and  others  are  accustomed  to 
accept,  and  many  thoughts  pass  through  our  minds  which 
we  should  strenuously  maintain  to  be  "  true"  or  "right" 
or  "correct,"  if  any  doubt  on  that  score  were  raised.  We 
will  suppose  we  make  or  hear  the  statement,  "  The  sun  is 
dazzling";  and  that,  amongst  the  multitude  of  thoughts 
of  which  we  are  more  or  less  mindful,  we  can  distinguish 
the  following  :  "  So-and-so  is  subject  to  biliousness,  if  his 
complexion  goes  for  anything."  If  the  truth  or  validity  of 
either  statement  or  thought  were  questioned,  we  might 
justify  the  former  by  pointing  to  the  sun  and  stating  that 
the  dazzling  effect  was  obvious,  while  with  regard  to  the 
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latter  we  might  state  that  since  a  yellow  complexion  is  a 
sign  of  biliousness,  So-and-so  must  be  bilious  because  his 
complexion  is  yellow.  We  should  say  that  the  statement 
was  in  accordance  with  fact  and  the  thought  necessarily 
correct.  No  further  vindication  would  be  possible,  or,  we 
might  rightly  think,  necessary.  But  the  statements  we  give 
utterance  to  and  the  thoughts  we  experience  may  not  always 
be  so  simple  or  so  obvious  as  these,  and  often  there  may  and 
does  arise  the  necessity  for  some  criterion  or  test  which 
may  be  applied  to  them  to  determine  their  validity.  This 
criterion  it  is  the  business  of  Logic  to  discover. 

Logic,  then,  seeks  to  discover  the  laws  to  which  our 
thoughts  and  consequently  our  statements  must  conform  if 
they  are  to  be  valid  and  trustworthy. 

But  if  we  can  say  of  any  class  of  phenomena — thoughts 
amongst  others — that  we  know  the  laws  governing  these 
phenomena,  our  knowledge  is  said  to  be  scientific.  Science 
explains  things  by  disclosing  the  laws  which  govern  them. 
Thus  our  knowledge  of  the  movements  of  the  heavenly 
bodies  is  scientific  because  we  know  the  laws  which  govern 
these  movements ;  while,  on  the  other  hand,  there  is  no 
science  of  weather  because  we  do  not  know  sufficient  of  the 
laws  which  govern  the  weather  either  to  explain  the  cause 
of  certain  variations  or  to  foretell  any  future  variations  with 
accuracy.  Logic,  then,  seeking  the  laws  which  govern 
thought,  becomes  a  science.  We  may  now  proceed  to  the 
following  definition : 

Logic  is  the  science  which  investigates  the  principles  of  valid 
thought. 

It  will  be  necessary  to  examine  this  definition  closely. 
Two  points  require  careful  explanation  : 

In  the  first  place — What  is  Thought? — The  term 
"thought"  is  ambiguous,  e.g.,  we  speak  of  "a  process  of 
thought,"  or  of  a  "  thought."  Thus  it  stands  both  for  a 
mental  act  and  for  the  outcome  of  the  act.  Regarding  it 
first  as  the  name  of  a  mental  act,  the  question  arises,  Are  all 
mental  acts  thoughts  ?  If  not,  which  ?  The  answer  to  the 
first  question  is  in  the  negative,  the  answer  to  the  second  is 
that  those  mental  acts  are  thoughts  which  involve  an  act  of 
comparison  of  two  or  more  objects.  Thus  the  act  of  comparing 
several  examples  of  any  type  of   thing  in  order  to  form  a 
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general  notion — called  the  act  of  conception — is  thought. 
By  thought  I  form  the  idea  of  "  fruit."  The  act  of  com- 
parison which  precedes  the  statement  of  agreement  or 
difference  between  two  objects — called  the  act  of  judgment 
— is  thought.  Thus  the  statements,  "  John  Brown  is  a 
miller"  and  "  No  man  shall  escape  death,"  are  the  outcome 
of  thought.  In  the  third  place,  if  I  say  that  Sirius  rises  and 
sets  every  day  because  it  is  a  star,  and  all  stars  rise  and  set 
every  day,  the  act  of  reasoning  which  justifies  this  state- 
ment involves  a  comparison  between  Sirius,  stars,  and 
bodies  which  rise  and  set  every  day.  This  also  is  thought. 
Thought,  then,  includes  conception,  judgment,  and 
reasoning.  It  also  includes  the  concept,  the  judgment,  and 
the  conclusion  which  are  the  outcome  of  these  processes 
respectively. 

Secondly, — When  is  Thought  Valid?— The  answers  to 
this  question  have  been  twofold.  In  the  first  place,  thought 
is  said  to  be  valid  when  it  contains  no  inconsistencies  or 
contradictions.  In  the  second  place,  thought  is  said  to  be 
valid  if  it  leads  to  conclusions  which  agree  with  fact. 
Different  writers  have  sought  to  confine  the  tests  of 
validity,  which  it  is  the  business  of  logic  to  discover,  to  one 
or  other  of  these  aspects.  The  Logic  of  those  who  mean 
s  to  test  only  the  consistency  of  thought  has  been  called 
Formal.  The  Logic  of  those  who  mean  to  test  only  the 
actual,  real  validity  of  thought  by  comparing  it  with  fact  has 
been  called  Material.  This  points  to  a  distinction  between 
the  Matter  and  Form  of  thought  which  must  at  this  point 
be  made  clear. 

Examine  the  following  instance  of  an  exercise  of  thought 
— in  this  case  reasoning  : 

No  senior  monitor  is  antagonistic  to  order, 
Johnson  is  our  senior  monitor, 

Therefore,  Johnson  is  not  antagonistic  to  order. 

Note,  in  the  first  place,  that  the  first  two  statements 
provide  the  data  on  which  thought  is  exercised,  while  the 
third  is  the  outcome  of  thought  exercised  on  the  first  two. 
Now  it  is  obvious  that  from  the  first  two  statements  no 
conclusion  except  the  third  could  have  been  reached.  This 
is  an  instance  of  Formal  validity.  But  suppose  that 
our  knowledge  of  Johnson   makes   us   certain  that   he   is 
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antagonistic  to  order,  then  the  conclusion  is  said  to  be 
materially  invalid.  It  may  be  remarked  at  this  point  that 
the  first  statement  is  the  origin  of  the  invalidity,  and  it  will 
appear  from  the  laws  of  Inductive  Logic  that  it  has  not 
sufficient  justification.  But  the  fact  to  keep  in  view  here 
is  the  possibility  of  thought  being  formally  valid  but 
materially  invalid. 

A  decision  must  now  be  arrived  at  as  to  whether  we  are 
to  regard  Logic  as  a  means  of  testing  formal  validity  or 
whether  we  are  to  regard  it  as  a  means  of  testing  material 
validity.  People  with  a  Practical  object  in  view — and 
teachers  especially — must  confine  Logic  to  neither  the  one 
nor  the  other  of  these  views.  They  require  to  know  both 
when  their  thought  is  consistent  and  when  it  is  in  agree- 
ment with  fact — with  "  objective  reality  "  as  the  phrase 
goes.  This  view  of  the  twofold  function  of  Logic  is 
essential  from  the  very  nature  of  things  if  Logic  is  to  be 
anything  more  than  a  mental  exercise.  For  consider  how 
close  is  the  connection  between  the  world  of  thought  within 
and  the  world  of  fact,  the  material  world,  without.  The 
elements  of  the  world  of  thought  must  be  drawn  from  the 
material  world.  If,  through  accident,  our  communication 
with  things  external  were  interrupted,  then  would  the  con- 
tents of  the  mind  become  like  a  stagnant  pool.  An  ever- 
changing  current  of  impressions  through  the  channels  of 
the  senses  is  a  necessary  condition  of  vigorous  mental  life. 
Thought,  then,  conditioned  by  and  exercised  on  things 
external,  must,  if  normally  employed,  lead  to  conclusions 
which  an  appeal  to  fact  must  corroborate.  We  shall 
consider  thought  to  be  valid,  then,  when  it  involves  neither 
inconsistency  nor  contradiction  (i.e.,  Formal  Validity),  and  at  the 
same  time  reaches  no  conclusions  which  are  at  variance  with  fact 
(i.e.,  Material  Validity). 

Thought  and  Language. — Without  entering  here  into 
the  intimate  connection  existing  between  thought  and 
language,  we  may  answer  the  possible  enquiry :  Is  Logic  to 
enquire  into  the  laws  of  thought  unexpressed,  or  thought 
conveyed  in  language  ?  The  answer  is  conclusive.  No 
laws  underlying  any  phenomena  are  discoverable  until  the 
phenomena  are  arrayed  before  us  for  examination.  The  law 
of  universal  gravitation  could  never  have  been  discovered 
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without  an  enormous  mass  of  evidence  as  to  the  nature  of 
the  motions  of  the  heavenly  bodies.  So  also  before  we  can 
discover  the  laws  of  thought,  we  must  be  in  possession  of 
the  results  of  thought ;  and  these  results  are  to  be  found 
enshrined  in  language.  It  follows,  then,  that  though  Logic 
is  strictly  the  "  Science  which  investigates  the  principles  of 
valid  thought,"  yet  no  such  science  would  be  possible  if 
thoughts  were  not  preserved  in  the  storehouse  of  language. 
After  what  has  been  said  above  concerning  material  validity 
and  the  connection  of  thought  with  language,  the  student 
will  appreciate  the  following  quotation  :  "  We  treat  of 
things  so  far  as  they  are  the  objects  of  thought,  and  we 
treat  of  language  so  far  as  it  is  the  embodiment  of 
thought."  (Jevon's  "  Elementary  Lessons  in  Logic," 
page   ii.) 

Is   Logic  an  Art  as  well  as  a  Science  ? — As  to  the 

distinction  between  an  Art  and  a  Science,  it  will  be  sufficient 
\  for  us  to  bear  in  mind  Jevons'  words,  "A  Science  teaches  us 
to  know  and  an  Art  to  do."  Many — in  fact,  most — sciences 
have  a  practical  side,  and  some  have  an  art  which  may  be 
regarded  as  an  offspring.  Thus  the  science  of  astronomy  is 
the  foundation  of  the  art  of  navigation,  the  science  of 
"  physiology  gives  rise  to  the  physician's  art,  the  science  of 
chemistry  is  the  origin  of  many  useful  arts,  e.g.,  dyeing. 
Logic  has  its  practical  side  in  that,  by  investigating  the  laws 
of  valid  thought,  it  teaches  the  art  of  directing  aright  the 
thinking  faculty.  It  is,  thus,  an  art,  and  has  even  been 
described  as  the  "  Art  of  Arts,"  in  so  far  as  it  is  a  guide  to 
the  processes  of  thought,  to  whatever  end  they  may  be 
directed. 
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SUMMARY   OF  CHAPTER  I. 

Definition. — Logic  is  the  science  which  investigates  the 
principles  of  valid  thought. 

A  science  discloses  the  laws  which  govern  any  body  of 
phenomena. 

Thought  is  the  name  given  both  to  a  mental  act  and  to 
the  outcome  of  the  act.  As  a  mental  act  it  involves  the 
comparison  of  two  or  more  objects. 

Thought  is  valid  when  it  involves  neither  inconsistency 
nor  contradiction  (i.e.,  Formal  Validity),  and  at  the  same 
time  reaches  no  conclusions  which  are  at  variance  with  fact 

{i.e.,  Material  Validity). 

Thought  and  Language. — A  science  of  thought  is  only 
possible  because  thoughts  are  preserved  in  language. 
Hence  Logic  must  treat  of  language — the  embodiment  of 
thought. 

Logic  an  Art  as  well  as  a  Science.  '  A  science 
teaches  us  to  know  and  an  art  to  do." 

Logic  is  an  Art  since  it  directs  the  thinking  faculty. 

It  also  bears  an  important  relation  to  the  Art  of  Teaching. 


QUESTIONS   ON   CHAPTER   I. 

i.   Define  Logic.     What  mental  acts  are  thoughts? 

2.  Distinguish  between  a  Science  and  an  Art.  Under 
which  head  would  you  class  Logic  ? 

3.  Distinguish  between  the  "  form  "  and  the  "matter" 
of  thought. 

4.  Is  Logic  concerned  with  language  ?  If  so,  in  what 
way  ?  Distinguish  between  the  relation  of  Grammar  to 
Language  and  that  of  Logic  to  Language. 
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CHAPTER    II. 

Conception. 

The  simplest :::  operation  in  which  thought  is  engaged  is 
conception..  It  seems  fitting,  then,  in  the  treatment  of  the 
science  of  thought,  to  examine  first  the  process  of  concep- 
tion. It  was  stated  above  (page  2)  that  the  essential  condi- 
tion which  determines  whether  a  mental  act'  is  an  act  of 
thought  is  that  it  involves  the  comparison  of  two  or  more 
objects.  This  is  an  important  point,  and  should  be 
thoroughly  grasped.  To  illustrate  it  we  will  suppose  a 
child  gives  expression  to  his  mental  activity  in  the  state- 
ments, "  This  is  my  mother,"  "  That  is  the  sun."  Each, 
to  the  logician,  is  an  act  of  recognition,  and  as  such  is  not 
an  act  of  thought.  I  say  "  to  the  logician  "  because  the 
psychologist  might  object  to  the  description  as,  at  least, 
incomplete  ;  but  for  the  logician's  purpose  these  are  acts 
of  recognition.  Now  we  will  suppose  that  the  child  next 
lays  his  hand  on  an  apple  and  says,  "  I  want  some  fruit." 
It  will  be  at  once  admitted  that  the  working  of  the  mind  of 
which  this  statement  is  the  outcome  is  of  a  more  elaborate 
character.  At  any  rate,  at  some  period  of  the  child's  life,, 
if  not  at  this  moment  of  using  the  word  "  fruit,"  there  has 
been  an  act  of  comparison  of  various  examples  of  fruit — 
apples,  oranges,  &c.  We  have  now  before  us  a  process  of 
thought — called  conception — of  which  the  outcome  is  a 
general  notion  with  a  distinguishing  name. 

Seeking  the  conditions  of  valid  thought,  the  obvious  task 
before  us  is  to  determine — 

By  what  Steps  the  Mind  Reaches  a  General  Notion, 
— These  will  not  be  difficult  to  follow. 

1.  In  the  first  place  there  must  have  been  observation  of 
things  which  have  some  points  of  resemblance  and  some 
points  of  difference. 

2.  Secondly,  there  must  have  been  an  analysis  of  at  least 
the  prominent  attributes. 

3.  Thirdly,  by  an  act  of  comparison  the  points  of  resem- 
blance and  of  difference  (at  least,  the  prominent  ones)  must 
have  been  noted. 

*  Simplest,  that  is,  from  a  logical  point  of  view.     Cf.  page  12. 
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4.  Fourthly,  by  an  effort  of  abstraction,  the  attention 
must  have  been  drawn  from  the  points  of  difference  and 
concentrated  upon  the  points  of  resemblance. 

5.  Fifthly,  there  is  a  process  of  unification  or  synthesis,  by 
which  the  attributes  common  to  the  various  examples  have 
been  fused,  as  it  were,  into  one  notion — the  concept.  This, 
the  student  will  observe,  is  entirely  a  mental  effort.  There 
is  no  one  specimen  of  which  the  concept  is  the  counterpart. 

6.  Sixthly  and  lastly,  by  affixing  a  name  the  group  of 
attributes  is  held  fast. 

It  might  be  objected  that  we  are  here  trespassing  on  the 
psychologist's  ground,  and  it  is  obvious  that  the  domains 
of  Logic  and  Psychology  touch  at  this  point.  But  the 
spheres  of  enquiry  are  distinct.  The  logician  is  only  here 
determining  the  conditions  of  the  validity  of  one  branch  of 
thought,  i.e.,  conception  ;  he  leaves  it  to  the  psychologist 
to  enquire  into  the  processes — abstraction,  comparison,  syn- 
thesis, etc. — as  mental  acts,  and  only  seeks  to  formulate  them 
as  factors  in  the  production  of  a  general  notion  or  concept. 

The  Nature  of  Concepts. — Though  it  is  the  intention 
of  the  writer  to  avoid  conflicting  views,  yet  some  real  good 
may  follow  a  clear  understanding  of  the  main  points  of 
difference  amongst  logicians  as  to  the  nature  of  concepts. 
If  I  were  to  say  "  Fruit  is  delicious,"  one  school  of  thinkers 
would  say  :  "  There  is  no  mental  image  of  the  general 
notion  '  fruit '  present  in  the  mind  of  the  speaker.  He 
may  be  thinking  of  an  apple,  a  strawberry,  or  any  other 
fruit.  There  is  no  such  thing  as  a  general  notion  '  fruit.' 
The  only  thing  that  is  general  is  the  name."  From  the 
paramount  importance  which  this  school  of  thinkers  give 
to  the  name,  they  are  called  Nominalists. 

Another  school  would  say  :  "  The  word  fruit  here  stands 
for  a  concept,  a  general  notion  of  class.  There  is  no  idea 
of  any  particular  kind  of  fruit  present  in  the  mind  of  the 
speaker,  and  none  is  required.  Much  of  our  thought  is 
carried  on  by  means  of  concepts  without  any  reference  to 
material  things.  We  admit  the  name  is  important,  but  it 
is  not  all.  There  is  also  the  general  notion  in  the  mind." 
This  is  the  Conceptualist  school,  the  name  implying  the 
importance  they  attach  to  concept. 

Now  this  divergence  of  opinion  it  is  useful  to  observe, 
because  it  emphasises  the  following  truths : 
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(a)  The  possibility  of  carrying  on  thought  by  means  of 
symbols,  i.e.,  language,  with  little  or  no  reference  to 
the  thoughts  or  things  for  which  the  symbols  stand. 

(b)  The  intimate  and  necessary  connection  between 
language  and  thought. 

The  practical  importance  of  the  recognition  of  these 
truths  by  the  teacher  will  be  clear  from  what  is  said  in  the 
succeeding  paragraph. 

The  Value  of  Clear  and  Adequate  General  Notions. 

— The  importance  of  close  attention  to  the  process  of  con- 
ception will  appear  from  the  following  considerations : 

(a)  From  the  very  nature  of  things  our  general  notions 
must  be  imperfect.  It  is  not  only  that  there  is  the 
practical  difficulty  of  examining  all  of  even  the  most 
representative  members  of  a  class,  but  with  the  advance 

w^  of  knowledge  there  is  either  a  continual  extension  of  the 
attributes  forming  a  general  notion,  e.g.,  peer,  or  there 
is,  as  is  more  often  the  case,  a  diminution  in  the  number 
of  those  attributes  which  are  regarded  as  essential  to 
a  general  notion,  e.g.,  moons.  It  is  thus  most  desirable 
that  through  a  knowledge  of  the  process  of  conception 
the  means  of  testing  concepts  should  be  ours. 

(b)  That  the  acquirement  of  a  store  of  clear  and  adequate 
concepts  is  a  decided  advance  towards  general  know- 
ledge in  the  widest  sense  will  not  be  denied.  Clear- 
ness combined  with  a  comprehensive  grasp  are  the 
signs  of  well-organised  thought,  and  these  qualities  are 
only  to  be  found  in  the  thinker,  whose  general  notions 
have  been  carefully  formed.     With  such  an  one  it  be- 

N  comes  a  habit  of  thought  to  regard  the  most  isolated 
^  facts  in  relation  to  others  which  they  most  resemble. 
In  illustration  of  this  consider  the  case  of  a  boy,  whose 
general  notions  are  neither  clear  nor  accurate,  reading 
for  the  first  time  a  description  of  the  river  Thames — the 
easterly  course,  the  slowly-moving  current,  the  wind- 
ings, the  ships  moored  at  its  mouth,  will  be  facts  which 
find  no  ready  and  safe  anchorage  in  his  mind.     There 

\  is  no  store  of  well-defined  concepts  to  which  these 
facts  can  attach  themselves.  But  suppose  now  he 
comes  to  this  description  with  the  ideas  of  watershed, 
plain,  gravitation,  erosion,  tidal  river,  as  part  of  his 
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mental   equipment,  how  much   more   profitable  and 
pleasurable  is  his  task  ! 

(c)  A  large  part  of  the  teacher's  work  is  concerned  with 
general  notions.  At  one  time  he  is  adding  to  those 
which  are  incomplete,  e.g.,  a  child's  notion  of  boiling ; 
at  another  he  is  taking  from  those  «which  are  too  wide, 
e.g.,  a  child's  notion  of  a  star,  while  always  must  he  be 
adding  to  the  store  of  concepts.  In  view  of  the  para- 
mount importance  of  this  part  of  the  teacher's  work, 
the  following  suggestions  may  not  be  out  of  place  : 

i.  In  directing  the  mind  of  the  pupil  towards  the 
formation  of  a  general  notion,  an  idea  of  a  class  of 
things,  choose  representative  examples.  Let  them 
be  as  varied  as  possible,  e.g.,  a  handkerchief  will 
illustrate  porosity  as  well  as  apiece  of  pumice  stone. 

ii.  Observation,  analysis,  comparison,  and  abstraction 
all  are  improved  by  judicious  exercise.  Use  both 
the  formal  object  lesson  and  every  opportunity 
incidentally  occurring  to  provide  such  exercise. 
It  may  be  remarked  that  a  synthesising  exercise 
following  those  named  above  should  be  provided 
wherever  possible.  Thus  a  lesson  in  which  dew- 
drops,  the  drops  on  the  kettle  lid,  the  cloud  on  the 
hillside,  and  the  fog  over  the  river  are,  after 
observation,  analysis,  comparison,  etc.,  held 
together  in  the  mind  as  instances  of  condensation, 
is  much  more  profitable  than  one  in  which  the 
properties  of,  say,  a-  piece  of  chalk  are  merely 
discovered  and  enumerated. 

iii.  The  utility  of  the  class-name  as  a  means  of  binding 
together  those  qualities  which  constitute  the  general 
notion  demands  that  it  shall  be  introduced  at  the 
right  moment,  i.e.,  immediately  the  common  quali- 
ties have  been  grasped  and  synthesised — and  when 
once  introduced,  it  must  be  unhesitatingly  employed 
as  a  symbol  of  a  concept  that  is  now  the  pupils'  own. 

iv.  Finally,  there  must  be  a  continual  reference  of 
words  to  thoughts  and  of  thoughts  to  things,  as  a 
safeguard  against  the  tendency  to  forget  the 
significate,  through  the  greater  familiarity  with 
the  sign. 
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SUMMARY  OF  CHAPTER  II. 

Definition. — Conception  is  a  process  of  thought  by 
which  the  mind  reaches  a  general  notion  or  concept. 

Formation  of  a  General  Notion. — This  involves : 
i.  Observation  of  examples.  2.  Analysis  of  their  attri- 
butes. 3.  Comparison.  4.  Abstraction,  by  which  atten- 
tion is  withdrawn  from  points  of  difference  and  con- 
centrated on  points  of  resemblance.  5.  Unification  or 
synthesis  of  common  attributes  into  one  notion — the  con- 
cept.    6.   Naming. 

The  Importance  of  Analysing  the  Process  of 
Conception : 

1.  Through  our  own  imperfections  and  the  changes  in 
meaning  which  words  are  continually  undergoing,  our 
concepts  require  examination  from  time  to  time. 

2.  With  a  store  of  well-formed  concepts  new  ideas  are 
more  thoroughly  assimilated. 

3.  The  teacher's  work  is  largely  with  concepts,  and  the 
process  of  conception  is,  therefore,  particularly  important 
to  him. 

4.  The  utility  of  the  class-name  should  be  noted.  Once 
introduced  it  should  be  employed  familiarly. 

5.  Words  should  be  continually  referred  to  thoughts  and 
thoughts  to  things. 


QUESTIONS   ON  CHAPTER  II. 

1.  Define  conception,  concept,  class-name. 

2.  Describe  the  steps  by  which  a  child  reaches  a  general 
notion  of,  say,  a  horse. 

3.  Sketch  the  plan  of  a  lesson  on  "  A  Mountain  Range" 
wherein  the  mental  processes  involved  in  conception  are 
adequately  exercised  in  their  proper  order. 

4.  Why  should  the  teacher  pay  such  careful  attention  to 
the  process  of  Conception  ? 
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CHAPTER   III. 
On    Judgment. 

We  proceed  now  to  a  consideration  of  the  second  product 
of  thought,  *.£.,  the  Judgment.  Here  are  the  verbal  expres- 
sions of  two  acts  of  Judgments  :  (i)  The  earth  is  a  planet. 
(2)  No  flower  is  everlasting.  The  mental  act  in  each  case 
involves  the  comparison  of  two  notions  and  the  recogni- 
tion of  similarity  in  the  first  case,  and  of  difference  in  the 
second.  It  will  at  once  appear  to  the  thoughtful  student 
that  the  mental  acts  here  involved  are  identical  with  those 
at  work  in  the  Act  of  Conception*  treated  of  in  the  last 
chapter.  The  intimate  connection  between  conception 
and  judgment  may  be  at  once  admitted.  The  case  of  the 
child  laying  its  hand  on  an  apple  and  saying  "  I  want  some 
fruit,"  though  used  above  to  illustrate  conception,  might  be 
equally  apposite  as  illustrating  the  implicit  judgment, 
.  "  This  apple  is  fruit."  Indeed,  every  concept  may  properly 
be  said  to  have  been  reached  by  a  series  of  judgments,  and 
the  separation  of  the  two  f  »r  the  purposes  of  exposition 
must  not  be  taken  to  imply  their  mutual  independence. 
But  the  order  of  treatment  followed  here — first  conception, 
then  judgment — is  justified  by  the  fact  that  judgments  are 
frequently  made  concerning  concepts,  and  consequently 
the  former  are  so  far  the  more  complex.  We  may  proceed 
to  a  definition  :  Judgment  is  the  apprehension  of  a  relation  of 
agreement  or  difference  between  notions. 

Note. — Where  a  reference  to  the  world  of  fact  is  possible, 
the  relation  must  be  apprehended  as  existing  between 
things. 

Propositions. — The  verbal  expression  of  a  judgment  is 
called  a  proposition.  Each  of  the  two  propositions  given 
above  will  be  found  to  consist  of  two  Terms,  which  stand 
for  the  notions  compared,  and  a  connecting  word,  called  a 
copula.  All  propositions  are  easily  reducible  to  this,  the 
logical  form.  Thus  the  statement  :  "  Our  ancestors  have 
bequeathed  to  us  the  priceless  legacy  of  constitutional  free- 
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dom  "  would  be  expressed  for  the  purposes  of  Logic  thus  : 
'k  The-priceless-legacy-of-Constitutional-freedom  is  a  gift 
from-our-ancestors,"  where  we  have  two  terms  and  a 
copula.  The  first  term  is  called  the  subject,  the  second 
term  the  predicate.  (The  student  will  not  fail  to  notice  how 
the  logical  meaning  of  the  latter  name  differs  from  the 
grammatical.) 

Now  the  validity  of  our  judgments  may  be  tested  by  the 
validity  of  our  propositions,  and  this  again  will  obviously 
depend  on  the  right  use  of  terms.  Hence  we  shall  proceed 
next  to  the  consideration  ofterms ;  and  if  it  appears  to  the 
reader  that  we  have  departed  from  our  quest  of  the  condi- 
tions of  valid  thought  and  are  investigating  the  conditions 
determining  the  correct  uses  of  words,  let  him  remember 
that  words  are  the  symbols  of  thought,  and  the  right  use 
of  the  former  will  be  a  guarantee  of  the  consistency  of  the 
latter. 

The  connection  of  the  four  succeeding  chapters  with 
Judgment  may  be  made  clear  by  means  of  the  following 
table  : 

The  Judgment,  an  act  of 
thought,  gives  rise  to 


The  Proposition,  the  expression 
of  a  judgment,  consisting  of 


Terms.     For  their  right 

employment  it  is  necessary 

to  discuss 


1 

Their  kinds 

1 
The  twofold  meaning 

Definition 

1 
Logical  division 

of  terms 

of  terms 

of  terms 

(Chap.  IV.) 

(Chap.  V.) 

(Chap.  VI.) 

(Chap.  VII.) 

H 
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SUMMARY   OF   CHAPTER    III. 

Definitions. — Judgment  is  the  apprehension  of  a  relation 
of  agreement  or  difference  between  notions. 

A  Proposition  is  the  verbal  expression  of  a  judgment.  It 
consists  of  two  terms — the  subject  and  predicate — and  a 
copula. 


QUESTIONS   ON   CHAPTER   III. 

Compare  the  processes  of  Conception  and  Judgment. 
Define  judgment,  proposition,  predicate,  term,  copula. 
Reduce  the  following  propositions  to  the  logical  form: 
(a)   The  valiant  never  taste  of  death. 
{b)   It  is  cruel  to  beat  a  cripple  with  his  own  crutches. 

(c)  Water  boils  at  ioo  deg.  C. 

(d)  The  earth  revolves  round  the  sun. 

(e)  To  spend  too  much  time  in  studies  is  sloth. 
(/)  What  we  have  been  makes  us  what  we  are. 
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CHAPTER    IV. 

Kinds     of      Terms. 

"  Term  "  is  used  synonymously  with  "  name."  Strictly  a 
name  only  becomes  a  term  when  it  forms  either  the  subject 
or  predicate  of  a  proposition  (Lat.  terminus,  a  boundary). 

Definition  of  a  Name. — A  name  is  thus  denned  by 
Hobbes  :  "  A  name  is  a  word  taken  at  pleasure  to  serve  for 
a  mark,  which  may  raise  in  our  mind  a  thought  like  to 
some  thought  which  we  had  before,  and  which,  being 
pronounced  to  others,  may  be  to  them  a  sign  of  what 
thought  the  speaker  had  before  in  his  mind." 

A  name  is  a  mark  of  a  thought,  says  Hobbes.  Unfortu- 
nately it  is  often  the  substitute  for  the  thought.  Think  what 
a  hazy  mental  picture  arises  when  you  read  or  hear  the 
words  :  "  The  Sun  is  the  centre  of  the  solar  system."  A 
little  introspection  will  show  that  there  is  little  or  no  refer- 
ence to  the  correctness  or  incorrectness,  the  adequacy  or  in- 
adequacy of  the  conceptions  of  the  realities  which  are  Under 
discussion.  We  are  satisfied  with  our  word  -  currency. 
Here  is  the  source  of  much  confusion,  and  Logic  does  us 
an  inestimable  service  in  pointing  to  the  danger.  The 
teacher  will  appreciate  the  importance  of  subordinating  the 
word  to  the  thought,  the  sign  to  the  significate.  He  knows 
how  children  can  juggle  with  words  and  present  the  sem- 
blance of  knowledge ;  and  if  he  is  to  detect  the  difference 
between  the  false  and  the  true,  he  must  ever  be  sounding 
the  phrases  of  his  pupils  that  he  may  find  the  depth  of 
thought  below. 

We  pass  to  the  discussion  of  the  various  divisions  of 
terms  which  have  been  made,  divisions  which,  through  the 
light  they  throw  on  the  exact  import  of  terms,  go  far 
towards  securing  clearness  and  accuracy  in  thought  and 
language.  No  further  remark  on  the  importance  of  this 
discussion  to  the  teacher  need  be  made. 

Kinds  of  Terms. — Terms  are  divided  by  logicians  into 
various  classes.  Five  divisions  are  discussed  below. 
Though  some  of  these  may  appear  to  the  student  to  present 
nothing   new,   yet    they  cannot    but    "  clarify   the    under- 
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standing,"  to  quote  Lord  Bacon.  Some  of  them  will  be 
found  to  run  parallel  with  the  divisions  of  grammar,  and 
our  knowledge  of  the  latter  subject  cannot  fail  to  be 
improved  by  the  sidelight  which  Logic  throws  on  it. 

i.    Single  -  worded    and    Many  -  worded    Terms. 

"  City  "  illustrates  the  former,  "  The  City  of  Glasgow  "  the 
latter.  The  distinction  is  more  important  than  at  first 
sight  appears.  To  show  its  importance  I  give  a  few 
instances  of  the  logical  analysis  of  propositions.  The 
terms  "  subject  "  and  "  predicate  "  are  here  used  in  the 
logical,  not  grammatical  sense. 


Proposition. 

Subject. 

Copula. 

Predicate. 

I.  We    are    such    stuff    as 

We 

are 

such   stuff 

dreams  are  made  on. 

as  dream> 
are  made  on. 

2.  But  in  that  sleep  of  death 

What 

is 

the   thought 

what  dreams  may  come 

dreams    may 

which   must 

Must  give  us  pause. 

come  in  that 

give  us 

sleep  of 

pause. 

• 

death 

3.            There  is  none 

The    man 

is  not 

to  be  found. 

Whose  portion  is  so  small 

whose 

of  present  gain 

portion 

1 

That  with  ambitious  mind 

will  covet  more. 

will  covet 
more 

4.  Full     many    a    gem     of 

The    dark 

are 

the  store- 

purest ray  serene 

unfathomed 

house  of  full 

The      dark     unfathomed 

caves    of 

many  a  gem 

caves  of  ocean  bear. 

ocean 

of  purest 
ray  serene 

5.  There  sometimes  doth  a 

A  leaping 

is 

the  sender 

leaping  fish 

hsh 

sometimes 

Send  through  the  tarn  a 

of  a  lonely 

lonely  cheer. 

cheer 
through 

the  tarn. 

Propositions  of  a  somewhat  complex  form  have  been 
selected  and  analysed  to  illustrate  the  way  in  which  logical 
analysis  may  be  an  aid  to  grammatical  analysis,  and  con- 
sequently to  a  right  interpretation  of  the  thoughts  which 
language  conveys.  The  student  will  bear  in  mind,  first  of 
all,  that  each  term — subject  and  predicate — is  the  expression 
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of  a.  single  notion ;  no  matter  how  simple  or  how  complicated 
the  expression  may  be,  it  is  the  expression  of  a  mental  unity  ; 
the  factors  of  each  notion  have  been  synthesised  into  one. 
Now,  once  this  is  realised,  the  subordinate — qualifying  or 
modifying — nature  of  part  of  the  term  becomes  obvious.  For 
example,  in  the  predicate  of  the  first  proposition  we  have  the 
word  "  stuff"  modified  by  "  such  as  dreams  are  made  on  "  ; 
in  the  predicate  of  2,  and  the  subject  of  3,  the  central  word 
and  the  modifying  element  are  readily  detected. 

Examining  the  subject  of  2  and  the  predicate  of  3  we  see 
how  the  single  notion  of  which  each  consists  has  to  be 
expressed  by  a  circumlocutory  form  called  in  grammar  "  a 
substantive  clause  "and  an  "  infinitive  phrase  "  respectively. 
Thus  the  mental  unity  of  the  notion  underlying  the  term, 
whether  single-worded  or  many-worded,  is  at  the  basis  of 
grammatical  unity,  on  which  turns  the  grammatical  distinc- 
tion between  clauses.  A  distinction  amongst  words  may  be 
noted  here.  Some  words — nouns  and  adjectives — are  able 
to  stand  for  a  notion,  and  thus  be  used  as  terms  in  a 
proposition.  They  are  called  Categorematic  (Greek 
"  kategoreo  "  =  I  assert).  Others  —  articles,  adverbs, 
prepositions,  interjections — can  only  enter  with  other  words 
into  the  formation  of  a  term.  They  are  called  Syncategorematic 
(Greek  prefix  "  sun  "  =  with)  since  they  can  only  form  a 
term  along  with  a  categorematic  word.  Verbs  are  not 
included  above  because  the  verb  must  be  reduced  to  the 
copula  "  is  "  or  "  are  "  with  the  addition  of  an  adjective  or 
noun  to  supply  the  meaning.    (See  Logical  analysis  above.) 

All  terms  then  must  be  words,  but  all  words  cannot 
form  terms. 

2.  Singular  and  General  Terms. 

A  singular  term  is  a  name  which  is  applicable  in  the  same 
sense  to  only  one  thing,  e.g.,  the  principal  of  this  college, 
the  town  Carmarthen.  Proper  names  are  all  singular.  A 
general  term  (see  below)  limited  by  some  word  to  one  thing 
becomes  singular,  e.g.,  this  student,  that  book. 

A  general  term  is  a  name  which  may  be  applied  in  the 
same  sense  to  any  one  of  an  indefinite  number  of  things 
which  have  certain  attributes  in  common.  Since  these 
attributes  are  the  marks  of  a  class  a  general  term  is  the 
name  of  a  class.  From  the  remarks  on  conception  made 
above  it  will  be  clear  that  it  is  also  the  name  of  a  concept. 
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Thus  "  planet  "  is,  firstly,  applicable  in  the  same  sense  to 
Jupiter,  Mars,  etc. ;  is,  secondly,  the  class-name  of  this 
group  of  bodies  ;  and,  finally,  is  the  mark  or  sign  of  the 
concept,  or  that  mental  product  containing  the  common 
attributes  of  the  members  of  the  class. 

A  Collective  Term  is  the  name  of  a  number  of  things 
regarded  as  one,  i.e.,  as  a  single  object  of  thought,  e.g., 
regiment,  Standard  I.  A  collective  term  may  be  general 
or  singular,  and  thus  there  is  a  confusion  of  thought 
implied  in  speaking  of  singular,  general,  and  collective 
terms  as  if  they  stood  on  the  same  plane.  This  will  be 
more  evident  after  the  student  has  read  the  chapter  on 
division.  Each  of  the  two  examples  given  above  is  general. 
"  The  departmental  committee  on  the  pupil  teacher  system  " 
is  a  singular  collective  term.  The  close  parallelism 
between  Logic  and  Grammar  is  worthy  of  remark  again 
here.  The  Logical  Division  of  terms  into  Singular  and 
General  is  identical  in  all  but  form  of  expression  with  the 
grammatical  division  of  nouns  into  Proper  and  Common. 
Collective  terms  and  Collective  Nouns  do  not  admit  of 
being  distinguished  except  in  so  far  as  "  Term "  and 
"Name  "  are  distinguished  above. 

General  and  Collective  Terms.  —  There  is  this 
distinction  between  the  general  and  the  collective  term,, 
that  the  former  is  applicable  to  every  member  forming  the 
class — called  the  distributive  use — while  the  latter  is  only 
applicable  to  the  class  as  a  whole. 

Suppose  that  during  a  discussion  on  collective  nouns  a 
prupil  were  to  ask  :  "  Is  *  Body  '  collective,  for  it  includes 
arms,  legs,  etc.,"  would  Logic  provide  an  answer  ?  Yes, 
for  a  reference  to  a  simple  example  of  the  collective  term, 
e.g.,  "regiment,"  would  elicit  the  fact  that  the  members  of 
a  regiment  have  many  things  in  common,  but  legs  and  arms 
have  not  the  same  striking  resemblance ;  yet,  if  it  is 
considered  that  the  ultimate  components  of  the  bodily 
tissue  are  cells  derived  from  a  single  cell,  it  follows  that 
the  term  "  Body  "  is  collective  in  relation  to  its  ultimate 
parts.  In  fact,  the  possibility  of  physical  partition  makes 
all  concrete  terms  in  this  sense  collective. 

3.  Concrete  and  Abstract  Terms. — A  concrete  term  is 
the  name  of  a  thing.  "  Thing  "  is  not  confined  to  the 
material    world.       It  may  be    said    to    include    everyti: 


TEACHER  S    LOGIC.  IQ, 

possessing  attributes.     Thus   soul,  light,  notion,  day,   night, 
are  all  concrete. 

An  Abstract  Tevm  is  the  name  of  an  attribute  considered 
apart  from  the  object  in  which  it  is  found.  Thus  T  The  splen- 
dour of  the  soul,  the  brilliance  of  light,  the  accuracy  of  a  notion, 
the  length  of  day  or  night,  are  instances  of  abstract  terms. 

An  interesting  question  arises  here  :  Can  the  division 
into  singular  and  general  be  applied  to  abstract  terms  ? 
For  instance,  are  justice,  colour,  whiteness,  singular  or  general  ? 

Colour  is  general  because  it  is  applicable  to  redness,  blue- 
ness,  etc. 

Whiteness  is  general  in  so  far  as  there  are  degrees  of 
whiteness. 

Justice  is  singular,  being  one  of  the  members  of  the  class 
for  which  we  have  the  general  term  virtue. 

The  ambiguities  of  language  are  continually  leading  to  con- 
fusion between  abstract  and  concrete  terms.  Thus  "  action  " 
is  often  confused  with  "act,"  "conception"  with  "concept," 
while  the  looseness  of  the  meaning  of  "  relation  "  has  led  to 
the  formation  of  the  additional  abstract  term  relationship. 

The  division  of  terms  into  concrete  and  abstract  will 
recall  to  the  teacher  the  numberless  instances  of  confusion 
on  this  point.  The  definitions  and  illustrations  given  above 
ought  to  be  instrumental  in  removing  the  causes  of  these 
errors.  It  will  be  a  most  valuable  aid  to  the  regulation  of 
thought  to  demand,  in  an  exercise  in  parsing,  the  relegation 
of  every  noun  to  one  of  the  classes  singular  or  general  (or, 
in  the  language  of  grammar,  proper  or  common),  and  next 
to  one  of  the  classes  concrete  or  abstract  ;  the  case  of  trie 
collective  noun  being  treated  as  exceptional,  though  a 
valuable  exercise  on  the  collective  and  distributive  use  of 
terms  might  occasionally  be  employed. 

Note. —  Abstract  terms  do  not  admit  of  plurality. 
"Colours"  and  "virtues"  become  concrete.  Cf.  the 
colour  of  a  rose,  the  virtue  of  an  act. 

It  is  much  to  be  deplored  that  the  view  of  the  relation 
between  "  concrete "  and  "  abstract "  adopted  by 
grammarians  appears  to  differ  from  that  which  logicians 
recognise.  The  following  definition  of  a  concrete  noun  is, 
I  think,  fairly  representative  of  the  grammarian's  view: 
"A  concrete  noun  is  the  name  of  a  thing  which  has  a  real 
existence  outside  our  own  minds."    (Daniel.)     The  logician 
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says  :  "  A  concrete  noun  is  the  name  of  a  thing,"  and 
defines  "  thing  "  as  a  unity  which  may  possess  attributes. 
This,  it  may  be  said,  is  a  meaning  in  keeping  with  the 
etymology  of  the  word  "  concrete."  (Lat.  concrescere,  to 
grow  together.)  For  example,  a  thought  can  have  no 
existence  outside  our  own  minds,  yet  it  is  a  "  thing  "  in 
the  logician's  sense,  for  we  may  speak  of  the  beauty,  or 
nobility,  or  accuracy  of  a  thought.  Much  of  the  confusion 
which  exists  in  connection  with  this  distinction  would  be 
removed  if  grammarians  would  accept  the  logician's  view 
of  the  relation  of  "  concrete  "  to  "  abstract." 

The  Question  of  Priority  in  Thought. — The  concrete 
precedes  the  abstract.  The  notion  of  a  thing  must  precede 
the  idea  of  an  attribute  of  a  thing.  Yet  many  of  our 
concrete  notions,  e.g.,  democrat,  are  acquired  long  after  some 
of  our  simpler  abstractions.  The  question  touches  the 
domains  of  psychology,  and  it  is  only  introduced  here  as 
being  the  basis  of  an  important  rule  in  teaching :  "  Let 
the  concrete  precede  the  abstract,  e.g.,  the  pupil  should  see 
that  3  marbles  +  5  marbles  =  8  marbles  before  he  forms 
the  abstract  judgment  3  +  5  =_•  8.  This  fact — known  and 
acted  upon  by  every  thoughtful  teacher — is  only  referred  to 
here  as  illustrating  the  relation  of  the  Science  of  Logic  to 
the  teacher's  art. 

4.  Positive  and  Negative  Terms. —This  division  of 
terms  is  not  of  so  much  importance  as  those  which  have 
been  already  examined.  The  distinction  drawn  is  thus 
described :  A  positive  term  signifies  the  possession  of  a 
quality  ;  a  negative  term  implies  the  absence  of  a  quality. 
Thus  "  element  "  is  positive,  "  compound  "  is  negative  as 
regards  "  element  "  ;  but  "  compound,"  regarded  apart 
from  "  element,"  evidently  implies  the  presence  of  a  quality, 
i.e.,  the  existence  in  combination  of  more  than  one  element. 
11  Alien,"  again,  is  often  given  as  an  instance  of  a  negative 
term  ;  but,  though  it  certainly  satisfies  the  definition  more 
markedly  than  "  compound,"  yet  even  here  positive  qualities 
are  implied,  e.g.,  a  foreign  nationality.  The  truth  is  that 
positive  and  negative  are  relative,  not  absolute,  terms  (see 
the  next  division  of  terms)  ;  and,  though  we  may  find  many 
pairs  of  terms  which  are  incompatible,  i.e.,  cannot  be  applied 
to  the  same  thing,  it  is  immaterial  which  we  regard  as 
negative   and    which    positive.     Logicians   have    felt    this 
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difficulty,  and  have  decided  that  true  negatives  must  have 
the  prefix  "  not  "  ;  for  example,  "  not-metal "  is  the  true 
negative  of  "  metal."  Now  this  is  a  useful  form  to  employ 
when  we  wish  to  be  sure  that  we  are  employing  a  true 
negative  term  as,  for  instance,  in  Exhaustive  Division  (see 
page  56).  But  as  the  so-called  negatives  which  we  find  in 
common  use  have  invariably  some  positive  attributes,  the 
division  is  of  no  practical  value. 

The  discussion,  however,  leads  to  a  distinction  which  it 
is  useful  to  notice,  the  distinction  I  mean  between  contra- 
dictory and  contrary  terms. 

Contradictory  Terms  are  mutually  exclusive  and  together 
exhaust  the  whole  of  the  matter  to  which  they  refer,  e.g., 
"  British  "  and  "  foreign,"  and  all  cases  of  a  positive  term 
and  its  formal  negative,  e.g.,  "  metal  "  and  "  not-metal." 

Contrary  Terms  express  not  presence  and  absence  of  a 
quality,  but  the  greatest  divergence  of  degree,  e.g.,  "  strong," 
"  weak."     They  are  sometimes  called  oppositcs. 

The  essential  difference  between  these  and  contradictories 
is  that  opposites  do  not  exhaust  all  cases  to  which  they 
refer,  but  allow  of  a  third  alternative.  Thus  in  the  example 
given,  "strong"  and  "weak"  admit  of  an  intermediate 
class  neither  strong  nor  weak. 

The  name  Privative  is  given  to  terms  which  imply  that  a 
thing  has  been  "  deprived  of  a  quality  which  it  before 
possessed  or  was  capable  of  possessing,  or  usually  does 
possess."  (Jevons.)  Examples  are  "blind,"  "dead," 
"deaf." 

5.  Absolute  and  Relative  Terms. — An  absolute  term 
is  said  to  be  the  name  of  a  thing  which  does  not  imply 
anything  else.  But  this  cannot  in  strict  truth  be  said  of 
anything.  The  term  "  sky  "  seems  "  absolute  "  enough 
until  we  consider  that  it  is  the  "  sky  "  only  for  one  point  of 
the  earth's  surface ;  another  point  has  a  different  sky. 
"  God  "  is  another  word  usually  given  as  an  example  of  an 
absolute  term  ;  but  "God"  out  of  all  relation  to  the  world 
over  which  He  is  omnipotent  is  unmeaning.  Thus  all 
terms  are,  strictly  speaking,  relative.  In  a  special  sense 
"monarch"  and  "subject,"  "husband"  and  "wife"  are 
relative  terms,  and  in  this  limited  sense  we  may  define 
relative  terms  to  be  those  which,  while  denoting  an  object,  also 
imply  another  object  to  which  the  former  is  specially  related. 
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SUMMARY    OF   CHAPTER    IV. 

Definition  of  Name. — "  A  name  is  a  word  taken  at 
pleasure  to  serve  for  a  mark,  which  may  raise  in  our  mind 
a  thought  like  to  some  thought  which  we  had  before,  and 
which,  being  pronounced  to  others,  may  be  to  them  a  si,L,rn 
of  what  thought  the  speaker  had  before  in  his  mind." 
(Hobbes.) 

A  name  becomes  a  term  when  it  forms  either  the  subject 
or  predicate  of  a  proposition.  Five  kinds  of  terms  are  to  be 
distinguished. 

i.  Single-worded  and  Many -worded. — Out  of  these 
arises  a  distinction  among  words.  Those — nouns  and 
adjectives — which  can  form  a  term  alone  are  called 
categovcmatic .  Those — articles,  adverbs,  prepositions,  and 
interjections — which  can  only  form  a  term  along  with  other 
words  are  syncatcgorematic. 

2.  Singular  and  General.— A  singular  term  is  applicable 
in  the  same  sense  to  one  thing  only.  A  general  term  is 
applicable  in  the  same  sense  to  every  member  of  a  class.  It 
is  said  to  be  used  distributively. 

A  collective  term  is  the  name  of  a  number  of  things 
regarded  as  one. 

3.  Concrete  and  Abstract  Terms. — A  concrete  term  is 
the  name  of  a  thing — "  thing  "  including  everything 
possessing  attributes. 

An  abstract  term  is  the  name  of  an  attribute  considered 
apart  from  the  thing  in  which  it  is  found. 

4.  Positive  and  Negative  Terms. — A  positive  term 
signifies  the  possession  of  a  quality. 

A  negative  term  signifies  the  absence  of  a  quality. 

Contradictory  terms  exhaust  the  whole  of  the  subject- 
matter  to  which  they  refer  and  are  mutually  exclusive. 

Contrary  terms  express  the  greatest  divergence  of  degree. 

Privative  terms  imply  that  a  thing  has  been  deprived  of 
a  quality. 
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5.  Absolute  and  Relative  Terms. — A  relative  term, 
while  denoting  an  object,  also  implies  the  existence  of 
another  object  to  which  the  former  is  specially  related. 

An  absolute  term  does  not  imply  any  object  other  than 
the  one  to  which  it  directly  refers. 


QUESTIONS  ON  CHAPTER  IV. 

1.  Parse  the  following  terms  logically,  i.e.,  state  all  the 
classes  of  terms  into  which  each  one  falls : 

Queen,  Queen  of  England,  darkness,  monarch,  water, 
London,  the  year  1898,  student,  logic,  the  trades  unions  of 
this  country,  oxygen,  virtue,  colour,  riches,  grammar,  God. 

2.  Show  how  the  logical  division  of  terms  into  single- 
worded  and  many-worded  is  at  the  basis  of  the  grammatical 
distinction  between  clauses. 

3.  Compare  the  logical  definitions  of  "concrete"  and 
"  abstract "  with  the  grammatical.  How  would  you 
propose  to  make  the  grammatical  distinction  between  these 
two  classes  of  terms  less  confused  ? 

4.  Distinguish  between  positive  and  negative  terms. 
What  terms  can  be  strictly  said  to  be  negative  ? 

5.  Define  "contradictory"  and  "opposite."  Give  three 
pairs  of  contradictory  and  three  pairs  of  contrary,  or 
opposite,  terms  to  illustrate  your  answer. 

6.  Distinguish  a  privative  from  a  negative  term,  and  find 
some  instances  of  privative  terms.     (Jevons.) 

7.  In  what  sense  can  terms  be  divided  into  absolute  and 
relative  terms  ?  Give  six  pairs  of  terms  which  are  specially 
related  to  each  other. 
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CHAPTER    V. 

Connotation  and  Denotation  of  Terms. 

Distinction  between  Connotation  and  Denotation. — 

The  term  "  student,"  may  perform  one  of  two  functions.  It 
may  imply  those  qualities  or  attributes,  e.g.t  devotion  to 
pursuit  of  knowledge,  which  make  up  the  notion  of  which 
"  student "  is  the  name.  This  is  the  meaning,  technically 
known  as  the  connotation  of  the  term.  It  may,  in  the  next 
place,  refer  us  to  those  individuals  who  are  in  possession  of 
the  attributes,  e.g.,  Brown,  Jones,  Robinson,  and  the  whole 
army  of  those  who  are  devoted  to  the  pursuit  of  knowledge. 
This  is  the  range  of  application,  technically  known  as  the 
denotation  of  the  term.  To  emphasise  the  necessity  for  a 
firm  grasp  of  the  distinction  introduced  here,  I  have  made 
the  following  extracts  : 

(a)  "  There  is  no  part  of  the  doctrines  of  Logic  to 
which  I  would  more  urgently  request  the 
attention  of  the  reader  than  to  the  double  mean- 
ing which  is  possessed  by  most  logical  terms — 
the  meaning  in  extension  (i.e.,  denotation)  and  the 
meaning  in  intension  (i.e.,  connotation)."  (Jevons' 
"  Elementary  Lessons  in  Logic") 

(b)  "  Perhaps  the  most  valuable  distinction  for 
purposes  of  intellectual  profit  to  be  found  within 
the  field  of  Common  Logic."  (Venn,  "  Empirical 
Logic") 

(c)  "  This  i9  one  of  the  most  important  distinctions 
which  we  shall  have  occasion  to  point  out,  and 
one  of  those  which  go  deepest  into  the  nature  of 
language."     (Mill,  "  System  of  Logic") 

Relation  between  Connotation  and  Denotation. — 
Generally  an  increase  in  the  one  means  a  decrease  in  the 
other.  Take  an  example:  The  connotation  of  "  student  " 
we  will  take  to  be  "  devotion  to  the  pursuit  of  knowledge." 
Its  denotation  is  the  individuals  to  whom  the  term  is 
applicable.  Suppose  we  enlarge  the  connotation  by 
adding  the  attribute  "  resident  in  an  educational  institution." 
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Our  term  has  now  for  its  connotation  "devotion  to  the 
pursuit  of  knowledge,  together  with  residence  in  an 
educational  institution."  It  is  obvious  that  the  number  of 
individuals  to  which  the  qualified  term  applies  has  been 
considerably  diminished  —  increasing  the  connotation  has 
decreased  the  denotation.  Again  :  If  the  sun,  the  planets  and 
their  satellites,  and  the  asteroids  comprised  the  whole  of 
the  denotation  of  the  term  "  member  of  the  solar  system," 
the  connotation  would  be:  a  body  moving  in  an  elliptical 
orbit  round  the  centre  of  gravity  of  the  solar  system.  If 
comets  be  added  to  the  denotation  of  the  term,  the  connota- 
tion becomes :  a  body  moving  in  a  curved  path  round 
the  centre  of  gravity  of  the  solar  system.  An  increase  in  the 
denotation  has  diminished  the  connotation.  Generally  speaking, 
these  two  elements  vary  inversely,  though  the  term  is  not 
to  be  understood  to  imply  any  mathematical  relation  ; 
doubling  the  connotation — if  such  a  thing  is  conceivable — 
does  not  halve  the  denotation.  It  is  to  be  observed  that 
some  additions  to  either  element  produce  no  change  in  the 
other,  e.g.,  to  add  "  equi-angular  "  to  the  term  "  equilateral 
triangle "  subtracts  nothing  from  the  denotation,  while 
the  addition  of  Neptune  to  the  number  of  bodies 
denoted  by  the  term  "  planet  "  produced  no  change  in  its 
connotation. 

Nature  of  Denotation  and  Connotation. — Denotation 
refers  to  things — things  in  the  widest  sense.  Thus  the 
denotation  of  "  student  "  consists  of  things  in  the  world  of 
reality  ;  the  denotation  of  "  circle "  consists  of  things 
existing,  *.*.,  all  material  circles,  and  things  conceivable, 
i.e.,  all  the  possible  circles  that  may  be  drawn  ;  the 
denotation  of  "  fairy  "  consists  of  things  in  the  world  of 
fiction. 

Connotation  refers  to  attributes  realised  through  the  power 
of  abstraction.  It  is  mental  in  nature.  The  distinction  is 
well  brought  out  by  Venn,  who  says :  "  The  denotation 
we  may  be  said  to  find  ;  the  connotation  we  may  be  said  to 
make. 

The  Question  of  Priority. — Does  denotation  determine 
connotation,  or  vice  versa  ?  Do  we  take  a  number  of  things 
more  or  less  at  random,  and  seek  their  common  qualities  ? 
or  do  we  first  determine  what  qualities  are  to  be  regarded 
as  essential  to  the  connotation,  and  then  fix  the  denotation 
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by  this  test  ?  The  decision  is  of  vital  importance.  If  we 
first  try  to  discover  all  the  specimens  of  a  class  before  we 
fix  the  connotation  even  temporarily — a  mode  of  procedure 
which,  as  we  shall  see  later,  is  entirely  inductive — the 
advance  of  knowledge  must  be  very  slow.  If,  on  the  other 
hand,  we  insist  on  fixing  definitely  the  meaning  of  a  term, 
and  then  forming  the  class  by  the  test  of  the  connotation — 
if,  that  is,  we  proceed  altogether  deductively,  we  are  too 
arbitrary ;  we  wish  to  make  things  conform  to  our  own 
modes  of  thought  rather  than  to  regulate  our  thought  by 
phenomena — an  error  against  which  Bacon  warned  thinkers 
three  hundred  years  ago.  What,  then,  is  the  truth  of  the 
matter?  It  is  that  connotation  and  denotation  exhibit  a 
mutual  reaction.  For  the  original  formation  of  the  notion 
of  a  class  there  must  have  been  an  assemblage  of  examples 
bearing  the  visible  signs  of  relationship,  and  out  of  these 
similarities  the  notion  of  a  class  has  sprung.  The  group  of 
isolated  instances  is  arbitrarily  chosen,  it  is  true,  but  Nature 
is  generally  communicative  as  to  the  chief  attributes  of  a 
class,  and  the  early  choice  has  not  often  to  be  entirely 
discarded.  The  points  of  resemblance  of  iron,  copper,  tin, 
etc.,  made  the  early  members  of  the  class  "  metal "  easy  to 
select,  and  weight,  lustre,  and  location  underground  were 
probably  the  nucleus  of  a  connotation  which  led  to  no 
serious  errors  in  the  application  of  the  term.  The  connotation 
once  roughly  fixed,  the  test  as  to  the  inclusion  of  any 
example  in  the  class  is  whether  it  possesses  the  attributes 
demanded  by  the  connotation.  Afterwards  there  is  give 
and  take  between  them. 

To  illustrate  how  connotation  and  denotation  act  and 
react  on  one  another,'1  observe  the  following  cases  : 
(i)  The  extension  of  the  franchise  has  been  gradually 
limiting  the  connotation  of  "  burgess  "  to  such  an  extent 
that  it  seems  in  a  fair  way  towards  becoming  "  man  "  in 
the  legal  sense.  (2)  The  term  "  certificated  teacher "  is 
becoming  generally  understood  to  imply  "  a  teacher 
certificated  by  the  Board  of  Education  "  ;  in  a  word,  its 
connotation  is  increasing,  and  it  is  customary  to  exclude 
from  the  denotation  of  the  term  all  who  have  not  received 
the  Government  certificate  —  that  is,  its  denotation  is 
increasing. 

It  is  generally  better  slightly  to  modify  an  existing  class 
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to  make  room  for  any  new  phenomenon  rather  than  to  form 
a  new  class  and  a  new  name.  Thus  we  connect  new  methods 
of  carrying  on  our  intercourse  with  foreign  powers  with 
old  by  the  term  "  new  diplomacy."  Sometimes,  however, 
the  discovery  is  important  enough  to  demand  a  separate 
class  and  a  separate  name,  e.g.,  bacteria. 

Limits  of  Connotation. — The  reader  will  bear  in  mind 
that  it  is  not  the  province  of  logic  to  discover  the  attributes 
which  constitute  a  class.  It  is  the  business  of  logic  to 
decide  which  of  the  innumerable  attributes  possessed  by  all 
the  members  of  a  class  shall  be  taken  as  the  connotation — 
shall  be  implied  by  the  name.  To  illustrate  this  :  Every 
student  may  be  said  to  be  endowed  with  a  body — including 
sense  organs,  organs  of  respiration,  circulation,  etc. — a 
mind  with  its  various  powers ;  he  or  she  is  engaged  in  the 
pursuit  of  knowledge,  is  in  possession  of  means  to  enable 
him  or  her  to  carry  on  the  work,  etc.  These  are  common 
to  the  class.  Are  we  to  consider  the  word  "  student  "  to 
imply  all  of  these  ?  If  not,  what  is  the  principle  of  selec- 
tion ?  If  every  attribute  is  to  be  included  in  connotation, 
then  no  one  can  ever  hope  to  realise  half  of  what  is  implied 
by  the  terms  he  uses.  This  view,  then,  cannot  be  accepted. 
Shall  we  select  those  attributes  which  are  an  unfailing  sign 
of  the  class  ?  If  we  do,  we  shall  probably  go  widely  astray, 
e.g.,  we  should  think  "  ploughboy  "  implied  rude  physical 
health,  and  absence  of  any  sign  of  mental  culture.  The 
safest  view  of  connotation  seems  to  be  that  it  "  consists  of 
those  attributes  which  are  generally  recognised  by  careful 
speakers  and  thinkers  as  being  implied  in  the  name " 
(Venn),  those  attributes,  in  fact,  in  virtue  of  the  possession  of 
which  the  name  is  given  to  any  individual.  We  do  not  give  a 
man  the  name  of  "  student "  because  he  has  body,  mind, 
means,  etc.,  but  because  he  is  "  devoted  to  the  pursuit  of 
knowledge."     This,  then,  is  the  connotation. 

Accidental  or  temporary  attributes  have  a  knack  of 
usurping  the  real  meaning  of  a  term  with  consequent 
confusion  of  thought.  Thus  "  Uitlander  "  might  to  the 
illogical  imply  "subject  to  oppression";  "blacksmith" 
might  imply  "  muscular  development,"  and  so  on.  Logic, 
by  laying  down  the  principle  on  which  the  fixing  of 
connotation  is  decided,  is  a  safeguard  against  looseness  of 
thought, 
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What  terms  are  comwtativc  ?  The  answers  have  been 
various,  but  the  discussion  is  academic  rather  than  practical, 
and  without  entering  into  it,  we  shall  be  content  with 
stating  the  opinion  that  all  names  are  connotative  with  the 
exception  of  Proper  names  and  Singular  Abstract  names.  Thus 
"John  Jones"  and  "whiteness"  possess  no  meaning 
though  they  denote  a  person  or  a  quality. 

Synonyms  of  Connotation  and  Denotation. — For  "  connota- 
tion "  we  may  substitute  intension,  comprehension,  depth, 
implication,  force. 

For  "denotation  "  we  may  substitute  extension,  sphere, 
breath,  application,  scope. 

On  the  importance  of  distinguishing  between  the 
twofold  meaning  of  terms : 

i.  As  to  Thought:  Once  the  distinction  between  the 
implication  and  the  range  of  application  of  a  term  has  been 
made  clear,  there  arises  a  disposition  to  make  this  dual 
interpretation  of  the  meaning  of  all  terms.  In  any  case  the 
knowledge  of  this  double  meaning  must  be  a  great  help 
towards  the  clearing  up  of  all  vague  concepts.  The 
thinker  trained  in  logic  is  in  the  position  of  the  workman 
who  knows  where  his  dull  tools  may  be  sharpened. 

2.  As  to  Language:  The  correct  use  of  language  depends 
on  valid  thought,  and  if  this  distinction  between  the  twofold 
meaning  of  terms  aids  thought,  it  must  improve  language. 
Further,  if  a  man  has  learned  to  regard  both  the  connotation 
and  denotation  of  his  terms  he  will,  ipso  facto,  be  less  likely 
to  misuse  them  than  one  who  has  not  so  learnt. 

3.  As  to  the  advance  of  Knowledge  :  It  may  be  said  that 
every  advance  in  scientific  knowledge  is  a  change  in  the 
connotation  or  the  denotation  of  a  term.  For  instance,  the 
discovery  of  "  argon  "  was  an  addition  to  the  denotation  of 
the  term  "constituent  of  the  atmosphere,"  and  the  discovery 
of  the  chemical  changes  produced  by  the  sun's  rays,  e.g., 
the  changes  at  the  basis  of  photography,  caused  a  recon- 
sideration of  the  connotation  of  the  term  "solar  radiation." 
Since  the  nature  of  discovery  is  thus  by  Logical  Science 
made  clear,  we  may  expect  a  closer  examination  of  the 
connotation  of  our  terms,  and  a  more  careful  survey  of  the 
individual  things  which  they  include  as  the  necessary 
conditions  of  any  advance  in  knowledge. 

^.  As   to   the    Work  of  the    Teacher:  The  teacher  is  of  all 
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men  most  concerned  with  advance  in  knowledge.  He  must 
know  the  conditions  of  its  advance,  first,  that  he  himself  may 
be  "  with  the  time  "  ;  next,  that  he  who  is  a  pioneer  in  the 
onward  movement  of  his  pupils  towards  true  knowledge, 
may  direct  their  course  aright.  It  will  appear  from  what 
has  been  said  above  that  a  large  part  of  the  teacher's  work 
consists  in  making  clear  the  import  of  terms — always,  it  is 
to  be  noted,  with  the  ultimate  object  of  regulating  thought. 
This  being  so,  the  importance  of  recognition  by  the  teacher 
of  the  double  meaning  of  terms  needs  no  remarks.  It  may, 
however,  be  of  some  advantage  to  indicate  to  what  parts  of 
the  teacher's  work  this  doctrine  of  terms  may  be  applied 
with  special  advantage. 

i.  Take   the    case    of   a    first    lesson  on   "  Ratio."     The 
logical  steps  would  be  : 

(a)  To  present  concrete  instances  of  things  between 
different  quantities  of  which  a  relation  of  magni- 
tude is  obvious,  e.g.,  coins,  marbles,  bricks,  etc. 

(b)  To  suggest  conceivable  quantities,  e.g.,  6  years  and 
3  years.  Now  what  help  has  Logic  to  offer  up  to 
this  point  ?  Well,  it  will  direct  that,  since  the 
denotation  of  a  general  term  ratio  is  being 
presented  for  comparison,  a  representative  series  of 
specimens  and  instances  be  chosen.  Thus,  if  the 
relation  of  6  years  to  3  years  with  respect  to 
magnitude  be  presented  along  with  the  ratios 
6,000  soldiers  :  3,000  soldiers,  6d.  :  3d.,  the  choice 
will  aid  the  pupil  to  abstract  differences  and 
concentrate  the  attention  on  the  point  of  similarity, 
i.e.,  relation  with  respect  to  magnitude. 

(c)  The  defining  of  the  term  ratio.  This,  as  will 
appear  from  the  succeeding  chapter,  is  equivalent 
to  the  explicit  statement  of  the  connotation  of  the 
term.     Is,    then,    Logic    to    be    discarded    here  ? 

\  Logic  tells  us  to  choose  the  attributes  accepted  by 
the  most  capable  thinkers  as  the  connotation. 
Thus  ratio  is,  in  connotation,  a  relation  between 
two  things  in  respect  of  magnitude  ;  in  denotation 
it  applies  to  every  case  where  such  a  comparison 
is  formally  stated.     The  teacher  will  recognise  the 

it,-      1          c         1  •               .mi                •         6   men, 
difficulty    of    making  a  child  appreciate  
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i.e.,  2  as  a  ratio.  Perhaps  more  careful  attention 
to  the  two-fold  meaning  of  the  term  in  the  first 
instance  would  have  minimised  it. 

Another  remark  may  be  added.     The  necessary 

extension  of  the  denotation  of  the  term  ratio  to 

include  such  cases  as  specific  heat,  specific  gravity, 

hygrometric  state  of  the  atmosphere,  and  the  many 

records  of  comparison  which  science  contains,  will 

be   rendered   the    more  easy  through  the  careful 

treatment  of  the  term  in  the  first  instance,  which 

a  knowledge  of  this  part  of  Logical  Doctrine  would 

guarantee. 

ii.  The    doctrine    of    connotation    and    denotation    will 

illuminate  those  lessons  which  have   for  their  object  the 

organising   of  empirical   knowledge   (i.e.,   facts  known   by 

experience).     We  will  suppose  a  teacher  desires  to  give  his 

pupils  an  idea  of  the  meaning  of  "  a  gravitating  body  "  by  an 

appeal  to  their  common  experience.     What  are  the  stages 

of  such  a  lesson  ? 

(a)  The  selection  of  instances  for  comparison.  Now 
it  may  be  remarked  at  once  that  the  teacher 
trained  in  Logic  will  not  confine  his  attention  to 
bodies  falling  freely  in  the  air.  Why  should  the 
case  of  a  body  falling  down  an  inclined  plane,  a  man 
walking  up-hill  and  down-hill,  a   river  flowing  to 

.  the  sea,  a  stone  curving  in  the  air,  be  relegated  to 
1  the  time  when  the  formal  study  of  theoretical 
mechanics  shall  begin  ?  The  consequence  of 
omitting  these  important  elements  of  the  denota- 
tain  from  review  is  seen  in  the  difficulties  which 
the  inclined  plane  presents  when  first  introduced. 

(b)  The  abstraction  of  the  common  attributes  in  these 
cases,  and  stating  them ;  in  other  words,  the 
formal  statement  of  the  connotation  of  "  gravitating 
body." 

Here  Logic  steps  in  with  a  caution  against  so 
stating  the  connotation  that  its  extension  to 
"  universal  gravitation  "  becomes  difficult.  Thus, 
it  is  better  to  speak  provisionally  of  a  gravitating 
body  as  "a  lighter  body  falling  towards  a 
heavier"  than  as  "a  body  falling  towards  the 
centre  of  the  earth." 
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SUMMARY  OF  CHAPTER  V. 

Definitions  and  Nature  of  Connotation  and  Denota- 
tion.— By  connotation  we  mean  the  attributes  in  virtue  of 
the  possession  of  which  the  name  is  applied  to  any 
individual  thing.  These  attributes  are  realised  by  the 
power  of  abstraction  ;  hence  the  connotation  is  mental  in 
nature. 

By  denotation  we  mean  range  of  application — the 
individual  things  to  which  the  term  may  be  applied.  These 
"  things "  may  exist  in  (a)  the  world  of  reality,  (b)  the 
conceivable  world,  (c)  the  world  of  fiction. 

Relation    between  Connotation    and   Denotation. — 

Generally  an  increase  in  the  former  is  accompanied  by  a 
decrease  in  the  latter,  and  vice  versa. 

The  Question  of  Priority. — Once  the  connotation  has 
been  determined,  the  denotation  is  fixed  by  means  of  the 
connotation.  The  two,  however,  act  and  react  on  one 
another. 

Limits  of  Connotation. — Connotation  does  not  imply 
all  the  attributes  of  a»  class,  nor  even,  necessarily,  the 
unfailing  signs  of  a  class  ;  but  just  those  attributes  which 
careful  speakers  and  thinkers  recognise  as  being  implied 
by  the  namev 

The  Importance  of  the  Distinction. — i.  Concepts 
become  clearer  and  more  adequate. 

2.  Language  is  more  carefully  eniploye^K 

3.  Progress  in  knowledge  means  briefly  a  change  in  the 
connotation  or  denotation  of  terms. 

4.  The  teacher's  explanation  of  terms  will  be  fuller  and 
clearer  if  he  regards  them  from  both  points  of  view.     For 

miple,  a  lessorr  on  "  ratio  "  or  on  "  a  gravitating  body. 
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QUESTIONS  ON   CHAPTER  V. 

i.  Define  "connotation"  and  "denotation."  What 
terms  are  sometimes  employed  in  Logic  with  the  same 
meaning  ? 

2.  The  distinction  between  connotation  and  denotation  is 
"  most  valuable  for  purposes  of  intellectual  profit."  Illustrate 
the  truth  of  this  quotation. 

3.  Does  connotation  determine  denotation  or  vice  versa  ? 
Discuss  their  relation  fully. 

4.  To  increase  the  connotation  of  a  term  is  to  decrease 
its  denotation,  and  vice  versa.  Illustrate  this  by  examples. 
Is  it  always  true  ?  If  not,  give  examples  where  it  does  not 
hold. 

5.  Give,  as  far  as  you  can,  the  connotation  and  denota- 
tion of  the   following  terms  : 

Student,  water,  science,  element,  planet,  ratio,  proportion, 
plain,  abstract  noun,  sun,  recurring  decimal,  circle. 
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CHAPTER    VI. 
The  Predicables. 

The  two  preceding  chapters  have  been  devoted  to  the 
examination  of  terms.  We  now  proceed  to  examine  the 
way  in  which  these  terms  are  employed  in  propositions.  It 
would  appear  from  this  phraseology  that  our  business  is 
with  language  ;  but  I  would  remind  the  reader  that,  language 
being  but  the  expression  of  thought,  an  examination  of  the 
propositions  to  which  we  are  accustomed  to  commit  ourselves 
is  necessarily  also  an  examination  of  the  judgments  we  are 
in  the  habit  of  forming. 

In  every  proposition  we  predicate  something  of  a  subject, 
and  since  we  are  ever  making  statements  itwtil  be  obviously 
advantageous  if  we  can  find  order  in  the  seeming  chaos,  if 
we  can  find  that  our  innumerable  predications  fall  into  a 
few  well-defined  classes. 

Let  us  begin  by  examining  the  following  propositions, 
each  distinct  from  the  other  as  regards  the  nature  of  the 
predication  : — 

I.  Nouns  constitute  one  of  the  divisions  of  the  parts  of 
speech. 

II.  Nouns  are  themselves  divided  into  common  and 
proper  nouns. 

III.  Proper  nouns  may  be  applied  to  one  thing,  common 
nouns  to  every  member  of  a  class. 

IV.  A  ratio  must  have  its  antecedent  and  consequent 
expressed  in  terms  which  are  of  the  same  denomination. 

V.  Every  material  thing  on  the  earth  possesses  weight. 

Genus,  Species  and  Differentia. — Consider  the  first 
three  together.  Of  the  subject  of  the  first  it  is  predicated 
that  there  is  a  larger  class  of  things  under  which  the  subject 
falls  ;  of  the  subject  of  the  second  it  is  predicated  that  there 
are  smaller  subordinate  classes  contained  in  it ;  while  ol 
"  proper  nouns  "  and  "  common  nouns,"  in  the  third,  there 
is  predicated,  in  each  case,  just  the  very  thing  on  accourt 
of  which  the  terms  "  proper  "  and  "  common  "  are  appi<  d. 
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In  these  three  cases  the  predication  is  based  on  the  division 
of  things  into  i  lasses  and  subclasses,  and  on  what  is  implied 
by  certain  classes.  The  particular  division  of  things  from 
which  the  examples  are  chosen  may  be  represented  thus : — 

Parts  of  Speech 


i  i 

Nouns  Verjbs,  etc. 


I 
Proper  Common 

(being  applicable  (being  applicable  to  many 

to  one  thing).  things  of  the  same  kind). 

Now  the  name  Genus  is  given  to  any  class  which  may  be 
subdivided  into  narrower  classes.  Thus  "  Part  of  Speech  " 
and  "  Noun  "  are  both  names  of  a  "  Genus." 

The  name  Species  is  given  to  a  class  which  is  included 
within  a  wider  class.  Thus,  Noun  is  a  species  of  Part  of 
Speech,  Proper  Noun  is  a  species  of  Noun. 

The  name  Differentia  is  given  to  the  attribute  or  attributes 
by  which  one  species  is  distinguished  from  others  included 
in  the  same  genus.  Thus,  "  being  applicable  to  one  thing" 
is  the  differentia  of  proper  nouns,  and  "  being  applicable  to 
many  things  of  the  same  kind  "  is  the  differentia  of  common 
nouns. 

We  may  get  a  better  notion  of  the  terms  genus,  species, 
and  differentia  by  considering  both  their  denotation  and 
connotation. 

As  to  denotation :  The  genus  has  a  greater  range  of 
application  than  the  species,  e.g.,  the  term  "  heavenly  body  " 
is  applicable  to  an  infinite  number  of  things ;  the  term 
"  planet  "  to  eight. 

As  to  connotation  :  We  gather  from  the  preceding  chapter 
that  the  genus  will  have  a  smaller  connotation  than  the 
species,  e.g.,  the  connotation  of"  noun  "  is  "  a  word  used  as 
the  mark  of  a  thing"  ;  of  "  proper  noun  "  is  "  a  word  used 
as  the  mark  of  one  particular  thing."  In  fact,  if  two  terms 
are  related  as  genus  and  species,  e.g.,  noun  and  proper  noun, 
the  connotation  of  the  species  will  contain  the  connotation 
of    the    genus    together    with    just    those    qualities    which 
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constitute  the  meaning  of  the  specific  term.  These 
additional  qualities  constitute  the  differentia.  Thus,  when 
we  are  thinking  of  the  connotation  of  the  terms  only,  we 
may  say :  "  The  difference  (differentia)  added  to  the  genus 
makes  the  species."      (Jevons.) 

Remarks  on  Genus,  Species  and  Differentia. — i.  It 
is  important  to  note  that  specific  terms  in  relation  to  generic 
terms  have  a  greater  richness  of  meaning.  The  orator  knows 
this.  He  knows,  for  instance,  that  "courage,"  "justice,'1 
"  charity,"  will  penetrate  deeper  into  the  minds  of  his 
audience  than  the  wider  term  "  virtue."  He  knows  that 
the  term  "  German  Emperor  "  will  rivet  the  attention  when 
"  autocratic  sovereigns  "  would  fall  ineffectually  on  the  ear. 

2.  There  are  occasions  on  which  a  more  generic  term, 
with  its  wide  extent  of  application,  is  the  more  serviceable 
for  a  different  end.  Thus,  in  the  "  Passing  of  Arthur," 
Tennyson  says,  in  respect  of  that  "  dark  strait  of  barren 
land,"  where  the  wounded  king  lay : — 

"  On  one  side  lay  the  ocean,  and  on  one 
Lay  a  great  water,  and  the  moon  was  full." 

Now  the  term  water  is  generic  in  respect  of  "  lake," 
"  mere,"  "  river,"  etc.  ;  consequently,  its  connotation  is 
vaguer  and  more  indefinite  than  either  of  these  more 
specific  terms.  This  does  not  escape  the  discriminating  eye 
of  Tennyson.  It  is  fitting  that  that  expanse  which  is  to 
bear  away  the  dying  king  to  the  "  Island  valley  of  Avilion  " 
should  be  described  by  a  term  which  preserves  the 
atmosphere  of  mystery  with  which  the  whole  scene  of  the 
"passing"  is  surrounded. 

3.  The  teacher  will  do  well  to  bear  in  mind  this  distinction 
betwreen  the  more  generic  and  the  more  specific  terms.  If 
the  object  be  to  view  a  thing  in  its  most  general  relations  he 
must  seek  the  widest  genus  to  predicate  of  it — widest,  I  mean, 
for  the  purpose  in  hand,  e.g.,  a  flowing  river  is  but  a  case  of 
universal  gravitation.  If  his  object  be  to  give  a  more  vivid 
idea  of  a  thing  he  must  predicate  of  it  something  less  generic, 
e.g.,  a  flowing  river  is  but  an  example  of  the  attraction  of 
the  earth. 

4.  The  reader  will  have  gathered  from  the  examples  given 
that  genus  and  species  are  relative,  not  absolute  terms. 
We  may  go  on  subdividing  a  class  of  thing  until  no  further 
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division  of  terms  is  possible  :  Thus,  in  the  example  above, 
I 'roper  Nouns  might  have  been  further  divided  into  James, 

London,  America,  etc.,  including  all  proper  names.  Here 
we  reach  what  is  technically  called  the  lowest  or  infima 
species.  We  might  also  have  regarded  "  Parts  of  Speech  " 
as  a  species  with  reference  to  Language  (which  may  be 
spoken  or  carried  on  by  gestures),  and  here  we  should  have 
reached  the  highest  class  which  it  would  be  profitable  to 
consider.  This  would  be  called  the  highest  or  summum  genus. 

Proprium  or  Property. — We  proceed  now  to  examine 
the  nature  of  the  predication  made  in  the  fourth  proposition 
given  above  :  A  ratio  must  have  its  antecedent  and 
consequent  expressed  in  terms  which  are  of  the  same 
denomination.  This  is  not  a  statement  of  what  a  ratio 
implies,  i.e.,  a  relation  between  things  in  respect  of 
magnitude;  it  states  a  necessary  consequence  of  this,  i.e., 
before  we  can  realise  the  relation  of  one  thing  to  another 
with  respect  to  magnitude,  we  must  express  them  both  in 
terms  of  the  same  denomination.  To  illustrate  further  this 
kind  of  predication  take  the  statement  :  Equilateral 
triangles  are  equi-angular.  The  fact  that  the  angles  of  an 
equilateral  triangle  are  equal  is  not  implied  by  the  term 
"  equilateral  triangle  "  ;  it  follows  necessarily  from  the 
meaning  of  the  term.  We  are  said  to  predicate  here  a 
property,  in  Latin  a  proprium.  We  may  adopt  this 
definition  :  A  proprium  or  property  is  "  any  quality  which  is 
common  to  the  whole  of  a  class,  but  is  not  necessary  to  mark  out 
that  class  from  other  classes/'     (Jevons.) 

Accidens  or  Accident.  —  We  come  now  to  the  fifth 
proposition  given  above  :  Every  material  thing  on  the  earth 
possesses  weight.  It  is  no  part  of  the  meaning  of  "  material 
thing  "  that  it  should  possess  weight.  This  is  not,  then,  the 
differentia ;  nor  is  it  a  necessary  consequence  of  the  fact 
that  a  material  thing  appeals  to  the  senses  that  it  should 
possess  weight.  In  fact,  we  can  conceive  of  a  material 
thing,  say,  a  stone,  placed  so  far  from  the  earth  that  it  has 
no  appreciable  weight  at  all.  We  are  predicating  here,  then, 
something  which  is  entirely  dependent  on  circumstance 
and  is  appropriately  called  an  accident,  Latin  accidens. 

An  accidens,  then,  is   "  any  quality  which  may  indifferently 
belong  or  not  belong  to  a  class,  as  the    case    may    be,    without  ^ 
affecting  the  other  qualities  of  the  class.     (Jevons.)     Thus  — 


or 
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to  quote  Jevons  further — "  the  clothes  in  which  a  man  is 
dressed  is  a  separable  accident,  because  they  can  be  changed, 
as  can  also  his  position  and  many  other  circumstances  ; 
but  his  birthplace,  his  height,  his  Christian  name,  etc.,  are 
inseparable  accidents,  because  they  can  never  be  changed, 
although  they  have  no  necessary  or  important  relation  to 
his  general  character." 

Thus  we  have  arrived  at  five  kinds  of  predication  :  we 
may  predicate  of  a  term — (a)  Its  genus ;  (b)  its  species  ; 
(c)  its  differentia ;  (d)  its  proprium  or  property  ;  (e)  its 
accidens  or  accident.  These  are  the  five  predicables,  the 
five  things  which  may  be  predicated  of  a  subject.  The  importance 
of  this  part  of  Logic  cannot  be  overlooked.  It  teaches  us 
how  we  can  knowr  what  we  are  predicating  in  our  proposi- 
tions, and  is,  therefore,  a  guide  to  those  wrho  desire  to  make 
their  statements  carefully,  on  the  basis  of  logically- 
regulated  judgments. 

Illustrations  of  the  Predicables. — To  illustrate  further 
the  five  predicables,  I  append  the  following  examples.  The 
nature  of  the  predicate  in. relation  to  the  subject  is  given 
in  brackets. 

i.  Oxygen  is  an  elementary  gas.   (Genus  and  differentia.) 

i.    Water  is  a  binary  compound.   (Genus  and  differentia.) 

3.  Chemistry  treats  of  organic  and  inorganic  substances. 
(Species.) 

4.  Liquids  have  not  their  particles  held  together  by  the 
force  of  cohesion.     (Differentia.) 

5.  Planets  move  round  the  centre  of  gravity  of  the  solar 
system.      (Differentia.) 

6.  Transitive  verbs  govern  the  objective  case. 
(Proprium.) 

7.  Parallelograms  have  their  opposite  angles  equal. 
(Proprium.) 

8.  Water  boils  at  100  deg.  C.      (Separable  accident.) 

9.  Water  boils  at  100  deg.  C.  under  a  pressure  of  760  mm. 
(Inseparable  accident.) 

10.  Co-ordinate  clauses  are  connected  by  the  conjunction 
"  and."     (Separable  accident.) 

The  student  will,  of  course,  realise  .for  himself  why  a 
given  predication  is  of  a  genus,  species,  differentia, 
proprium,  or  accidens. 
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SUMMARY   OF   CHAPTER  VI. 

The  Pvedicables  consist  of  five  classes  of  things  which  may 
be  predicated  of  a  subject.     These  are  : — 

1.  Genus,  This  is  the  name  given  to  any  class  which 
may  be  divided  into  narrower  classes.  The  Summum  Genus 
is  the  highest  class  which  can  be  formed  ;  that  is,  it  cannot 
form  a  species  of  any  wider  class.' 

2.  Species.  This  is  the  name  given  to  a  class  which  is 
included  in  a  wider  class.  An  infima  species  cannot  be 
further  subdivided ;  thus,  an  individual  thing  is  an  infima 
species. 

Generic  terms  are  of  wide  application,  but  vague  in 
meaning  ;  specific  terms  are  of  narrower  application,  but 
possess  greater  richness  of  meaning. 

Genus  and  Species  are  relative  terms. 

3.  Differentia.  This  is  the  name  of  the  attribute  or 
attributes  by  which  one  species  is  distinguished  from 
another  included  in  the  same  genus. 

The  connotatian  of  a  species  =  the  connotation  of  its 
proximate  genus  and  the  differentia  of  the  species. 

4.  Pvoprium  or  Property.  This  is  the  name  of  an  attribute 
which  does  not  form  part  of  the  connotation  of  the  class- 
name,  but  is  a  necessary  consequence  of  this. 

5.  Accidens  or  Accident.  This  is  the  name  of  any  quality 
which  may  or  may  not  belong  to  a  class. 


QUESTIONS   ON   CHAPTER   VI. 

1.  Define  Genus  and  Species.  Arrange  the  following 
(hisses  of  things,  beginning  with  the  highest  genus  named 
and  ending  with  the  lowest  species  : — 

(a)  Right-angled   triangle,   rectilineal   figure,   triangle, 

figure. 

(b)  Satellite,    member    of   the   soiar    system,    meteor, 

celestial  body. 
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(c)   Oxygen,     binary    compound,     element,     material 
substance. 

2.  "  In  what  sense  may  we  say  that  the  genus  is  part  of 
the  species,  and  in  what  sense  that  the  species  is  part  of  the 
genus"?     (Jevons.) 

3.  A  generic  term  denotes  a  larger  number  of  objects 
than  a  specific  term,  but  it  connotes  a  smaller  number  of 
attributes.     Explain  and  illustrate.     (2nd  year  Cert.,  18S9.) 

4.  In  what  sense  is  it  true  that 

Species  =  Genus  +  Differentia. 

5.  Suppose  you  were  to  describe  Neptune  as  (a)  a 
celestial  body,  (b)  a  member  of  the  solar  system, 

i.  Which  description  would  give  the  more  information? 
ii.  When    would  you  use    the    former    and    when    the 

latter  ? 
iii.  To  which  of  the  five  predicables  does  each  belong  ? 

6.  Define  "  proprium  "  or  "  property."  Give  a  proprium 
of  each  of  the  following:  proper  noun,  man,  circle,  triangle, 
ratio. 

7.  Define  "accidens,"  "separable  accteens,"  "inseparable 
accidens."  Give  a  separable  and  inseparable  accidens  of 
each  of  the  following  :  Member  of  Parliament,  material 
body,  student. 

8.  State  with  regard  to  the  following  propositions 
whether  the  predicate  in  relation  to  the  subject  is  a  genus, 
species,  differentia,  proprium,  or  accidens  : — 

(a)  Hydrogen  is  an  element. 

(b)  Transitive  verbs  govern  the  objective  case. 

(c)  Planets  shine  by  reflected  light. 

(d)  The  antecedent  and  consequent  of  a  ratio  must  be 

expressed  in  terms  of  the  same  denomination. 

(e)  The  earth  rotates  on  its  axis  once  a  day. 
(/)  Spring  tides  occur  every  fortnight. 

(g)  The  "  Idylls  of  the  King  "  are  epic  in  character. 


40  l  BA<  HER  s    LOGIC. 

CHAPTER    VII. 

Definition  of  Terms. 

We  will  distinguish  first  the  process  of  definition  from  the 
statement  which  is  called  a  definition. 

By  the  process  of  Logical  Definition  we  determine  what 
are  the  common  qualities  of  any  given  class  of  objects. 

By  the  definition  itself  we  mean  the  formal  statement  of  the 
connotation  of  the  term. 

The  process  itself  involves  observation,  comparison, 
abstraction,  and  generalisation  ;  in  fact,  it  is  identical  with 
the  process  of  conception  in  all  but  aim,  which  is  the  state- 
•ment  of  the  connotation,  the  definition  itself.  Now  we 
teachers  are  so  continually  formulating  definitions  ourselves, 
and  hearing  others  do  so,  that  it  cannot  but  be  desirable 
that  we  should  know  something  of  an  instrument  so 
necessary  in  our  profession.     We  will  begin  by  enquiring  : 

What  are  the  Uses  of  Definition? — [I  would  remark 
here,  parenthetically,  that  it  is  a  prevalent  custom  in  giving 
an  Object  Lesson  on  some  useful  thing,  e.g.,  leather,  to 
postpone  the  question  of  its  use  till  last.  I  doubt  the 
wisdom  of  the  practice.  I  imagine  that  things  of  which 
we  know  the  use  are  just  those  which  we  are  desirous  of 
knowing  something  more  about.  For  example,  I  trust  we 
have  by  this  time  formed  some  idea  of  the  use  of  a 
knowledge  of  Logic  in  our  profession  ;  for  if  so,  it  must 
stimulate  us  to  study  the  subject  with  greater  care  than 
heretofore.] 

i.  First,  then,  let  us  enquire  what  is  the  benefit  we 
derive  from  the  process  of  arriving  at  a  definition.  "It 
consists  chiefly  in  the  greater  clearness  and  fulness  in  which 
the  characteristics  of  the  matter  to  which  the  formula  (i.e., 
the  definition)  refers  have  been  brought  before  the  mind." 
(Sidgwick.)  Here  then  is  a  lesson  for  the  teacher  to  learn. 
The  value  of  a  definition  lies  largely  in  the  search  for  it. 
Who  is  to  make  the  search  :  teacher  or  pupil  ?  It  is  the 
easier  plan  for  the  teacher  formally  to  announce  the  defini- 
tion. But  what  is  easier  at  the  time  is  ultimately  less 
economical,  to   say  no  more.     If  you  desire'  that  a   child 


TEACHER  S    LOGIC.  41 

should  remember  a  definition  so  that  it  may  be  to  him  of 
some  practical  value  you  must  encourage  his  efforts  to  find 
it  by  presenting  the  subject  matter  plainly  before  him,  and 
accepting  his  crudest  attempts  unless  they  are  absolutely 
wrong.  Step  by  step  the  child  will  find  the  requisites  of 
the  definition,  and  it  is  the  teacher's  business  only  to  shape 
the  rough  material  into  a  desirable  form.  There  is  no 
commoner  fault  among  teachers  than  this — forming  a 
definition  themselves  rather  than  encouraging  their  pupils 
to  do  so.  Take  an  illustration  :  A  teacher  is  giving  a 
lesson  on  Dew  (that  much-abused  subject!).  He  presents 
or  suggests  many  examples  — the  dull  cloud  on  the  outside 
of  a  glass  containing  cold  water  when  brought  into  a  warm 
room,  the  drops  on  the  kettle  lid,  the  steam  above  the 
locomotive,  the  cloud  in  the  air.  The  processes  of 
comparison,  abstraction,  etc.,  are  carefully  performed  under 
his  guidance  ;  the  term  dew  is  introduced.  Then  comes 
the  critical  moment.  He  asks,  "  What  is  dew  ?"  The 
answer  is  not  immediately  forthcoming.  How  can  it  be  ? 
The  child  is  engaged  in  the  process  of  definition.  A  few 
statements  are  ventured,  probably  incomplete,  but  yet  of 
great  value,  e.g.,  "Dew  is  a  cloud,"  "Dew  is  water/'  etc. 
Then,  instead  of  accepting  these  answers  provisionally,  and 
out  of  them  forming  bit  by  bit  a  satisfactory  definition,  he 
cuts  the  process  short  by  triumphantly  exclaiming,  "  Dew 
is  condensed  vapour  !  " 

2  In  the  next  place,  there  is  a  real  benefit  to  be  derived 
from  the  framing  of  the  definition  itself.  We  shall  see, 
after  the  Forms  of  Definitions  have  been  discussed,  that 
the  formal,  explicit  statement  of  the  meaning  of  a  term 
brings  out  most  clearly  the  relation  in  which  the  class  or 
thing  in  question  stands  to  other  classes  or  things.  Thus 
the  definition  regulates  our  thought.  Of  course,  if  every- 
one understood  fully  and  clearly  the  meaning  of  the  terms 
they  used,  the  formal  statement  of  a  definition  Would  not 
be  necessary.  But  it  is  precisely  because  words  are 
just  sufficiently  clear  as  to  meaning  that  we  overlook  the 
fact  that  this  bare  recognition  of  an  outline  of  the  meaning 
of  a  word  is  exactly  what  we  ought  to  avoid.  Our  ideas 
should  be  distinct  and  adequate,  and  we  can  best  make 
certain  of  this  desideratum  by  subjecting  the  terms  we  use 
to  the  test  of  a  logically-formed  definition. 
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3.  There  is  another  important  advantage  to  be  gained 
from  a  formal,  explicit  statement  of  the  meaning  of  terms. 
The  connotation  of  many  terms  is  very  unstable.  The 
advance  of  knowledge  is  the  addition  of  some  new  element 
to  the  meaning  we  were  accustomed  to  consider  essential, 
e.g.  :  if  asked  to  define  a  "  Trade  Union,"  we  should  have 
to  say  that  it  is  a  body  of  men  or  women  employed  in  some 
trade  associated  for  the  protection  of  the  welfare  of  its 
members  and  for  the  restriction  of  the  privileges  which  capital 
has  hitherto  enjoyed.  The  definition  compels  us  to  take 
account  of  the  changes  in  the  recognised  functions  of 
Trade  Unions.  Again,  if  we  were  asked  what  was 
implied  by  the  term  "Territory  occupied  by  the  British 
abroad,"  our  definition  would  have  to  be  framed  so 
as  to  include  territory  occupied  solely  for  the  purpose 
of  preventing  the  advance  of  another  State,  e.g., 
Wei-hai-wei.  Thus  the  framing  of  a  definition  is  a  factor 
in  the  formation  of  a  habit  of  accuracy  of  thought.  I  will 
quote  Dr.  Venn's  remarks  in  this  connection.  He  says, 
speaking  of  definitions :  "  We  may  say  of  them,  to  a  some- 
what less  extent,  what  Hamilton  has  happily  said  of 
language  generally  in  relation  to  our  notions — *  A  country 
may  be  overrun  by  an  armed  host,  but  it  is  only  conquered  by 
the  establishment  of  fortresses.  Words  are  the  fortresses  of 
thought.  They  enable  us  to  realise  our  dominion  over  what  we 
have  already  overrun  in  thought  ;  to  make  every  intellectual 
conquest  the  basis  of  operations  for  others  still  beyond.'  ' 
(Logic  I.,  138.)  And,  as  a  consequence  of  this,  anything  like 
finality  in  respect  of  our  definitions  is  out  of  the  question. 

Forms  of  Definition:  — 

I.  Definition  per  genus  et  different iam.  —In  definition  we 
are  to  give  an  exact  statement  of  what  is  implied  by  a  term, 
i.e.,  we  are  to  state  its  connotation.  Now,  if  we  had  to  state 
separately  every  attribute  which  a  term  implies  our  defini- 
tions would  be  very  long.  For  instance,  in  plane  geometry 
an  equilateral  triangle  is  (1)  a  figure,  i.e.,  is  enclosed  by 
boundaries;  (2)  its  boundaries  are  rectilinear;  (3)  its 
boundaries  are  three  in  number ;  (4)  they  are  equal  to  one 
another.  Instead  of  this  we  find  that  the  definition  of  an 
equilateral  triangle  in  common  use  is,  "  A  triangle  which 
has  all  its  sides  equal  to  one  another."  A  little  examination 
makes  it  clear  that   we    regard  "  equilateral   triangle  "  as  a 
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species  and  name  the  genus  of  which  it  is  a  species,  i.e., 
"triangle,"  and  add  the  quality  which  distinguishes  it  from 
other  species  of  the  same  genus — isosceles  and  scalene 
triangles  ;  in  a  word,  we  add  the  differentia.  This  is  defini- 
tion per  genus  et  differ entiam.  Here  are  a  few  additional 
examples  of  this  form  of  definition  : — 


Term. 

D 

BFINITION. 

Genus. 

Differentia. 

Planet 

Heavenly  body 

moving  round  the  centre  of 
gravity  of  the  solar  system. 

Student 

Human  being 

devoted  to  the  pursuit  of 
knowledge. 

Triangle 

Rectilineal  figure 

having  three  sides. 

Man 

Animal 

reasoning. 

Omnibus 

Public  vehicle 

four-wheeled,  carrying  pas- 
sengers inside  and  outside. 

Tramcar 

Public  vehicle 

four-wheeled,  carrying  pas- 
sengers inside  and  outside, 
running  on  rails. 

The  student  must  observe  that  when  we  predicate  the 
genus  in  defining,  e.g.,  a  planet  is  a  heavenly  body,  moving, 
etc  ,  we  mean  it  possesses  the  qualities  of  a  heavenly  body,  in 
other  words,  we  use  the  genus  in  connotation.  When  the 
differentia  is  added  there  is  a  statement  of  all  the  qualities 
in  virtue  of  which  the  term  is  given,  that  is,  there  is  a 
complete  definition. 

It  is  to  be  noted  that  the  genus  chosen  must  be  the  next 
above  the  species,  called  the  proximate  genus  ;  for  instance, 
in  the  series  figure,  rectilineal  figure,  triangle,  equilateral 
triangle,  each  term  is  a  proximate  genus  to  the  one  which 
follows.  If  we  choose  a  genus  which  is  not  proximate, 
part  of  the  connotation  is  omitted.  Thus,  if  in  defining 
"  omnibus  ,?  I  choose  the  genus  "  vehicle  "  instead  of 
"  public  vehicle,"  1  should  omit  that  essential  characteristic 
of  an  omnibus,  the  fact  that  it  is  open  to  all. 
\  Suggestions  to  the  Teacher. — The  predicating  of  a  genus 
merely  summarises  a  large  group  of  qualities.  This  must 
not  be  overlooked.  The  process  of  clearing  up  the  whole 
meaning  has  only  been  carried  forward  one  stage,  The 
teacher  especially  will  often   do   well  to    quickly  test  the 
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terms  of  a  definition  by  subjecting  them  to  further  defini- 
tion ;  for  example,  if  a  child  defines  a  triangle  as  "  a 
rectilineal  figure  having  three  equal  sides,"  the  teacher  will 
further  test  the  validity  of  the  notion  by  asking,  "  What  is 
a  rectilineal  figure  ?"  and  again,  "  What  is  a  figure  ?" 

As  this  form  of  definition  is  the  most  common  one  by  far, 
and  certainly  the  most  useful  for  rendering  thought  distinct 
and  adequate,  the  teacher  should  insist  on  children  giving 
their  definitions  in  the  logical  form.  They  are  especially 
weak  in  naming  the  genus.  This  is  a  natural  consequence 
of  the  fact  that  a  large  portion  of  their  stock  of  ideas  has 
not  become  generalised.  They  have  not  gone  further  than 
this  :  "  So  and  so  is  a  thing  which,"  etc.,  "  An  eclipse  is 
when  the  sun  or  moon  is  covered  with  a  shadow."  The 
teacher  should  insist  on  the  naming  of  the  genus.  He  will 
meet  with  many  definitions  in  text-books  which  are  not  in 
the  logical  form.  He  must  reduce  them  to  that  form  before 
allowing  them  to  be  adopted.  To  illustrate  this :  A 
common  cause  of  the  confusion  between  words  and  things 
is  the  definition,  "  A  noun  is  the  name  of  any  thing."  That 
it  violates  the  second  rule  of  definition  given  below  is  not 
the  point  here.  What  it  fails  to  do  is  to  show  that  a  noun 
is  a  word.  A  definition  of  a  noun  formed  in  accordance 
with  the  teaching  of  Logic  would  be:  a  noun  is  a  word 
used  as  a  mark  or  sign  of  a  thing.  Another  definition 
commonly  found  which  commits  the  same  error  is  the 
following  :  "  A  rock  is  anything  which  forms  part  of  the 
earth's  crust."  The  genus  of  "rock"  is  "material 
substance,"  and  the  logically-correct  definition  is  "a  rock 
is  a  material  substance  which  forms  part  of  the  earth's 
crust.'  Again,  it  may  be  considered  sufficient  to  define 
"  an  hour  "  as  a  twenty-fourth  part  of  a  solar  day.  It  will 
not  be  waste  labour  to  expand  this  into :  "  An  hour  is  a 
division  of  time  equivalent  to  one-24th  of  a  solar  day."  The 
teacher  can  supply  many  examples  of  such  definitions,  which 
are,  to  say  the  least,  elliptical.  They  are  undoubtedly  pro- 
ductive of  much  confusion  and  inadequacy  among  notions. 

II.  Definition  by  Description. — If  we  limit  definition  to 
the  "  explicit  statement  of  the  connotation  of  a  term,"  then 
Description  ought  not  to  be  included  under  Forms  of 
Definition.  But  since  it  is  advantageous  for  the  teacher  to 
know  all  modes  of  setting  the   limits  to  a  class  by  drawing 
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attention  to  its  attributes,  we  may  profitably  examine  what 
is  called  "description  "  ;  for  we  seek  knowledge  as  to  how 
our  concepts,  and  consequently  our  terms  also,  may  be  made 
definite.  We  will  examine  this  example  :  A  planet  is  a 
heavenly  body  which  shines  by  reflected  light.  Now,  if  a 
body  moving  round  the  centre  of  gravity  of  the  solar 
system,  but  radiating  light  of  itself,  like  the  sun,  were 
discovered,  we  should  not  refuse  to  it  the  name  "  planet." 
Hence  the  predication  in  this  illustration  is  not  of  an 
essential  attribute,  but  of  an  accidental  one.  In  a  word,  we 
are  here  predicating  an  ace  idem,  not  the  differentia  of  planet.  This 
is  the  fundamental  characteristic  of  description.  The  important 
point  for  the  teacher  to  recognise  is  that  he  must  not  present 
this  as  a  definition.  (Compare  the  examples  of  predication 
given  on  page  33.)  Description  makes  our  notions  clearer, 
but  it  cannot  give  them  exactness. 

III.  Genetic  or  Constructive  Definition. — There  is  a  mode 
of  defining  (i.e.,  making  clear  in  the  general  sense)  concep- 
tions much  in  use  in  Geometry,  which  approximates  very 
closely  to  strict  logical  definition.  Suppose  a  teacher  wishes 
to  give  a  clear,  adequate,  and  distinct  idea  of  a  cone.  He 
says  —  performing  the  operation,  in  all  probability,  at  the  same 
time — "  Let  a  right-angled  triangle  revolve  round  one  of  the 
sides  containing  the  right-angle  and  the  solid  marked  out  is 
a  cone."  He  gives  a  clear  idea  of  the  solid  by  showing  how 
it  is  to  be  constructed,  hence  the  name  of  this  form  of  definition. 
A  circle  would  probably  be  realised  more  accurately  if 
the  mode  of  construction  were  shown  in  addition  to 
formulating  a  definition  per  genus  et  differentiam.  An 
ellipse  would  scarcely  be  grasped — at  any  rate  by  a  young 
pupil — except  by  this  mode  of  definition.  To  give  the  idea 
of  a  "  spiral  curve  "  the  mode  is  particularly  applicable  ; 
thus  :  Let  a  right-angled  triangle  be  placed  with  one  of  the 
sides  adjacent  to  the  right  angle  parallel  to  the  axis  of  a 
cylinder.  If  the  triangle  be  now  wound  round  the  cylinder, 
the  hypotenuse  forms  a  spiral  curve.  The  method  may  be 
applied  with  the  best  results  to  a  definition  of  the  curve 
which  the  pole  of  the  equatorial  traces  out  round  the  pole 
of  the  ecliptic  owing  to  precessional  forces.  Trius  :  Suppose 
the  pole  of  the  equatorial  to  be  carried  round  the  pole  of 
the  ecliptic  by  the  roll  of  the  polar  axis,  along  a  circle 
23i  deg.  from  the  pole  of  the  ecliptic,  and,  at  the  same  time, 
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to  be  drawn — by  a  variation  in  the  precessional  forces — 
sometimes  inside,  sometimes  outside,  this  circle,  then  the 
actual  curve  described  by  the  pole  is  "  wavy." 

This    form    of    definition    is    particularly    valuable    in 
forming  difficult  mathematical  conceptions.     Not   only  in 
mathematics,     but     in     other    subjects,    this    constructive 
definition  is  very  valuable,  often  paving  the  way  to  the  defini- 
tion per  genus  et  differentiam.     Two  examples  will  be  suffi- 
cient to  show  its  use,  and  further  its  frequent  occurrence  : 
(i)   Let  the  statement  "  here  is  a  house"  be   enlarged 
to  "  here  is  a  house  where  a  miser   lived."     This  is  a 
complex  sentence.     (Application  to  Grammar.) 

(2)  Let  this  book  be  prevented  from  falling  by  the  upward 

resistance  of  the  table.  This  is  a  case  of  equilibrium  under 

the  action  of  two  forces.     (Application  to  Mechanics.) 

IV.  Definition  by  Type. — This  is  not  definition  in  the  strictly 

logical  sense  at  all,  having  less  right  than  description  to  the 

term.     But  it  is  a  means  of  "making  definite,"  and  so  is  a 

serviceable  weapon  to  the  teacher.  It  consists  in  substituting 

for  verbal  definition  a  specimen  to  make  clear  a  notion.     It  is, 

of  course,  most  valuable  in  leading  up  to  a  logical  definition. 

\         Rules  of  Definition. — 1.  "A  definition  should  not  contain 

more  than  the  connotation  of  the  term  in  question."      (Venn.) 

Suppose  I  were  to  define  "  student  "  as  "  a  human  being 
residing  in  an  educational  institution  and  devoted  to  the 
pursuit  of  knowledge,"  I  should  violate  this  rule.  The 
undue  limitation  of  the  class  by  the  quality  "  residing  in  an 
educational  institution,"  makes  the  definition  worthless,  for 
there  are  many  students  to  whom  it  would  not  apply.  An 
inseparable  accident  or  proprium  may,  however,  be  added 
without  limiting  the  class.  Is  this  a  violation  of  the  rule  ? 
Yes,  because  it  suggests  that  the  quality  in  question  is 
essential.  The  following  definition  is  faulty  in  this  respect: 
"An  equilateral  triangle  has  all  its  sides  equal  to  one  another 
and  all  its  angles  equal  to  one  another." 
\  2.  "A  definition  should  not  contain  less  than  the  full  con- 
notation."    (Venn.) 

Example  :  A  map  is  a  representation  of  some  part  of  the 
universe.  The  definition  lacks  the  wTord  pictorial.  It  is 
faulty  because  it  includes  too  much,  e.g.,  a  celestial  globe. 
"  This  is,  perhaps,  the  commonest  fault  of  any,  as  we  are 
apt  to  feel  satisfied  if  our  definition  covers  the  case  we  have 
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in  our  immediate  view,  and  to  omit  to  examine  whether  it 
does  not  also  admit  something  else  which  we  were  not  at 
the  moment  thinking  of."  (Venn.)  Here  is  another 
instance  :  "  Logic  is  a  mental  science." 
/  3.  "  A  definition  must  not  contain  the  name  defined.'  (Jevons.) 
l*'or  by  subjecting  a  term  to  definition  we  assume  that  it 
is  not  thoroughly  understood,  and  the  repetition  of  the 
unknown  term  cannot  make  it  known.  The  following  are 
examples  of  definitions  faulty  in  this  respect  : 

(a)  A  noun  is  the  name  of  anything. 

(b)  Life  is  the  sum  of  vital  functions. 

The  name  need  not  be  repeated  in  a  form  identical  with 
that  of  the  term  defined.  The  fact  that  "  noun "  and 
"  name,"  "  life  "  and  "  vital "  are  essentially  identical  is 
sufficient  to  render  the  definitions  valueless.  The  same 
word  may  be  repeated,  however,  without  there  being  a 
repetition  of  the  term,  e.g.,  a.  unit  of  work  is  the  amount  of 
work  done  when  unit  resistance  is  overcome  through  unit 
space.  In  this  case  "  unit  of  work  "  is  a  species  under  the 
genus  "  amount  of  work  "  and  the  definition  is  valid.  So 
also,  for  the  same  reason,  is  the  following :  the  science  of 
political  economy  is  a  science  which  investigates  the  laws 
which  govern  the  Production,  Exchange,  Distribution,  and 
Consumption  of  Wealth.  The  repetition  of  the  word 
"  science  "  does  not  imply  a  repetition  of  the  term  defined. 

It  follows  that  the  predication  of  a  synonym  is  not  a  defini- 
tion ;  neither  is  the  predication  of  a  metaphor,  e.g.,  the  eye  is 
the  window  of  the  soul.  This  partakes  of  the  nature  of  descrip- 
tion. Here  is  another  example  of  a  definition  breaking  this 
rule :  an  acute-angled  triangle  is  one  which  has  an  acute  angle. 

4.  "  The  definition  must  be  exactly  equivalent  to  the  species 
defined.'"  (Jevons.)  This  is  identical  with  rules  1  and  2 
except  that  it  regards  term  and  definition  from  the  point  of 
view  of  denotation.  In  fact  this  rule  amounts  to  a  proprium 
when  rules  1  and  2  have  been  given. 
\  5.  "  A  definition  must  not  be  expressed  in  obscure  figurative  or 
ambiguous  language."  (Jevons.)  To  commit  this  fault  is  to 
define  the  unknown  by  the  still  more  unknown  (Latin 
ignotum  per  ignotius).  "  Knowledge  is  power  "  breaks  the 
rule  by  employing  figurative  language. 

6.  "  A  definition  must  not  be  negative  where  it  can  be  affirma- 
tive."   (Jevons.)    Examples  of  definitions  breaking  the  rule  : 


teacher's    LOGIC. 

(a)  Mind    is    not    matter,  or    Mind    is    that    which    is 

immaterial. 

(b)  A  point  is  that  which  has  no  parts  and  which  has 

no  magnitude. 

(c)  Parallel  lines  are  those  which  being  produced  ever 

so  far  both  ways  do  not  meet. 

(d)  Vice  is  that  which  is  not  virtue. 

If  a  term  is  negative  in  meaning  it  may  profitably  be 
defined  negatively,  e.g.,  "  an  alien  is,  in  England,  one  who 
is  not  a  British  citizen."     (Venn.) 


SUMMARY   OF   CHAPTER   VII. 

A  definition  is  the  formal  statement  of  the  connotation  of 
a  term. 

Uses  of  Definition  : — i.  The  process  of  searching  for  a 
definition  brings  out  clearly  and  fully  the  characteristics  of 
the  subject  matter  to  which  the  definition  refers. 

2.  The  formal  statement  of  the  definition  renders  our 
ideas  on  the  subject  distinct  and  adequate. 

3.  Any  change  in  connotation  such  as  general  terms  are 
continually  undergoing  must  be  recognised  when  we  define 
them. 

Forms  of  Definition  : — 1.  Per  Genus  et  Differentiam,  i.e., 
By  stating  the  proximate  genus  and  adding  the  differentia. 
The  omission  of  the  genus  is  a  common  fault  with  children. 

2.  By  Description:  Here  an  accidens  is  predicated  instead 
of  the  differentia.  Description  makes  our  notions  clear,  but 
not  exact.     Strictly  speaking  this  is  not  definition. 

3.  Constructive  or  Genetic  Definition  consists  in  giving  an 
idea  of  a  thing  by  showing  how  it  may  be  constructed. 
Particularly  useful  in  mathematics. 

4.  By  Type  :  A  specimen  is  substituted  for  verbal 
definition.  Most  useful  in  preparing  for  a  definition  in  the 
strict  sense. 

Rules  of  Definition:  —  1.  A  definition  should  not 
contain  more  than  the  connotation  of  the  term  in  question. 

2.  Nor  should  it  contain  less. 

3.  It  must  not  contain  the  name  defined. 

4.  It  must  be  exactly  equivalent  (in  denotation,  that  is) 
to  the  term  defined. 

5.  It  must   not   be   expressed  in   obscure,  figurative,  or 


TEACHER  S    LOGIC.  4c; 

ambiguous  language.    A  metaphor  furnishes  an  instructive 
analogy,  not  a  definition. 

6.  It  must  not  be  negative  where  it  can  be  positive. 


QUESTIONS   ON   CHAPTER   VII. 

1.  Distinguish  between  the  process  of  definition  and  the 
definition  itself. 

2.  What  processes  of  thought  are  employed  in  the  former  ? 

3.  What  advantages  accrue  from  the  process  of  definition  ? 
What  from  the  statement  of  the  definition  ? 

4.  What  do  you  understand  by  a  definition  per  genus  et 
differentiam  ?  Why  is  this  the  most  satisfactory  form  of 
definition  for  children  ?  In  what  respects  do  the  defini- 
tions of  children  most  commonly  fail  ? 

5.  Distinguish  between  definition  proper  and  description. 
When  may  the  latter  be  profitably  employed? 

6.  Define  Genetic  or  Constructive  Definition.  In  what 
cases  is  it  particularly  useful  ?     Give  an  example. 

7.  State  the  rules  of  definition.  What  rules  do  the 
following  definitions  break  ? 

(a)  A  noun  is  the  name  of  anything. 

(b)  "  Porosity  is  the  property  which  bodies  possess  of 

having  pores."     (Ganot.) 

(c)  Life  is  the  sum  of  the  vital  functions.  . 

(d)  Knowledge  is  power. 

(e)  Matter  is  not  mind. 

(/)    Mineral  substances  are  those  which  have  not  been 

produced  by  the  powers  of  vegetable  or  animal  life. 

(g)     A    point    is    that    which    has    no    parts  and    no 

magnitude. 
(h)    A  triangle  is  a  three-sided  figure  having  all  its  sides 

and  angles  respectively  equal  to  one  another. 
(i)      A  glacier  is  a  river  of  ice. 

8.  Define  per  genus  et  diffeventiam  :  Noun,  ratio,  mountain, 
planet,  logic,  species,  genus,  lyric,  poem. 

9.  Define  by  means  of  a  constructive  definition  : 
Cylinder,  ellipse,  momentum,  kinetic  energy,  work  (in  the 
scientific  sense),  noun  clause,  centrifugal  force. 

10.  What  do  you  understand  by  a  perfect  definition,  and 
what  processes  of  thought  are  employed  in  arriving  at  one? 
Give  two  or  three  examples  of  definitions  which  err  by  being 
either  too  wide  or  too  narrow.   (2nd  Year  Certificate,  1886.) 

E 
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CHAPTER   VIII. 

Division. 

Its  Meaning  and  Importance — We  advance  in 
knowledge  by  dividing  and  subdividing  the  subject-matter 
of  our  enquiry,  so  that,  by  attention  to  one  part  at  a  time, 
the  whole  may  be  the  more  thoroughly  known.  By  a 
'careful  division  of  the  whole  world  of  things,  material  and 
and  mental,  we  are  able  to  determine  the  subject-matter  of 
the  various  sciences,  and  so  to  facilitate  the  progress  of  our 
knowledge  of  things.  So  with  the  facts  of  a  single  science. 
It  is  a  careful  and  scientific  division  of  the  facts  that  leads 
to  fulness  of  knowledge  regarding  them.  Note  that  a 
scientific  division  is  needed.  An  unscientific  division  will 
lead  us  to  positive  error.  Hence  it  is  most  desirable  that 
we  should  know  when  the  divisions  we  make  are 
scientifically  formed.  Logic  can  tell  us  ;  and  it  is  proposed 
to  expound  in  this  chapter  the  principles  of  Logical 
Division.  Of  its  connection  with  the  teacher's  art  it  is  not 
necessary  to  say  much.  He  is  continually  engaged  in 
division — division  of  pupils,  division  of  subjects,  division 
of  time ;  in  fact,  a  great  deal  of  what  we  mean  by  organisa- 
tion is  involved  here. 

And,  again,  with  regard  to  the  teacher's  own  knowledge: 
If  he  is  to  teach  explicitly  his  ideas  must  be  clear,  and  for 
clearness  there  must  be  scientific  classification.  Many 
illustrations  will  be  given  in  the  course  of  the  chapter,  so  I 
proceed  to  the  meaning  attached  to  division. 

"  Logical  Division  is  the  name  of  the  process  by  which  we 
distinguish  the  species  of  which  a  genus  is  composed." 
(Jevons.) 

"  Logical  division  is  the  analysis  of  the  denotation  of  a 
term ;  in  other  words,  it  is  the  splitting  up  of  a  genus  into 
its  constituent  species."  (Welton.)  Its  connection  with 
definition  is  important.  Definition  is  the  statement  of  the 
meaning,  i.e.,  connotation  of  a  term.  Division  is  the  analysis 
of  the  denotation.  The  definition  does  not  suggest  how  a 
division  may  be  made.  Thus,  suppose  I  desire  to  divide 
the  genus  "  noun  "  into  its  species,  I  am  not  helped  by  the 
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knowledge  that  "  a  noun  is  a  word  used  as  the  mark  or  sign 
of  a  thing."  I  must  know  that  some  nouns  are  the  names 
of  concrete  things  and  some  of  abstract  things  before  I  can 
make  the  division  : 

Nouns 


1  ■  1 

Concrete  Abstract 

Granted  that  I  am  aware  of  this  distinction  between 
things,  I  can  make  it  the  basis  of  the  division — the 
fundamentum  divisionis,  as  it  is  technically  named.  I  might 
divide  nouns  into  common  nouns  and  proper  nouns,  in 
which  case  the  fundamentum  divisionis  would  be  the 
existence  of  classes  with  similarity  among  the  members  and 
also  with  individual  differences.  The  point  to  note  is  that 
no  appeal  to  the  definition  of  the  genus  will  disclose  a 
fundamentum  divisionis ;  it  must  be  something  which 
belongs  to  one  species  and  not  to  another-;  in  fact  it  must 
be  a  separable  accidens  of  the  genus. 

Operations  not  to  be  confused  with  Logical 
Division. —  i.  The  analysis  of  an  individual  thing  into  its 
constituent  parts  is  not  logical  division — this  being  only 
possible  with  a  genus.  Thus,  to  divide  a  rod  into  twenty 
parts  or  to  divide  the  human  body  into  trunk,  head  and 
limbs  constitute  what  is  called  physical  partition.  Divisions 
somewhat  analogous  to  these  and  falling  outside  logical 
division  are  (a)  The  naming  of  the  so-called  "  parts  "  of  a 
lever — weight,  power,  fulcrum ;  (b)  The  analysis  of  a 
sentence  into  subject  and  its  enlargements,  and  predicate 
with  its  completion  and  extension.  One  important  case  of 
division,  i.e.,  the  dividing  of  the  subject-matter  of  a  lesson 
into  parts  convenient  for  the  purposes  of  exposition, 
requires  notice.  We  often  hear  the  arrangement  which  this 
division  of  a  subject  has  produced  described  as  "  logical  " 
or  "illogical,"  and  this  kind  of  division  might  thus  naturally 
be  supposed  to  be  included  here  under  "  Logical  Divisions." 
It  is  not,  however,  division  of  a  genus  into  species,  and  is 
therefore  outside  the  province  of  this  chapter. 

2.  Another  important  process  of  division  or  better 
"  analysis,"  not  included  under  logical  division,  is  the 
separation  in  thought  of  the  qualities  of  an  individual  or  a 
class,  as  when  we  think  of  the  form,  colour,  and  size  of  an 

e  2 
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orange.  This  is  called  metaphysical  analysis.  This  is  a  most 
useful  process  in  cases  where  logical  analysis  fails;  for 
instance,  mental  phenomena  are  usually  subjected  to  the 
following  division  : 

Mental  Phenomena 


I  I  I 

Phenomena  ui  the        Phenomena  of  the  Phenomena  ot  the 

Intellect.  Feelings.  Will. 

Now  psychology  has  gone  far  towards  proving  that  most 
mental  phenomena  have  an  intellectual,  affective,  and 
volitional  element.  To  illustrate  this :  I  am  conscious  of 
an  act  of  recognition,  say,  of  the  face  of  a  friend.  There 
are  intellectual  elements  obviously  here ;  there  is  an 
element  of  pleasurable  feeling,  and  the  will  has  played  its 
part  in  directing  the  attention.  In  such  a  case  as  this,  then, 
when  the  members  of  the  genus  ("mental  phenomena") 
are  so  complex,  logical  division  is  positively  misleading. 
The  characteristics  or  phases  of  a  mental  phenomenon  may 
be  best  disclosed  by  a  process  closely  allied  to  metaphysical 
analysis.  Take  another  case  :  Poems  are  frequently  divided 
into  the  two  classes,  objective  and  subjective,  and  the 
student  is  informed,  we  will  suppose,  that  narrative  poems 
are  a  good  example  of  the  former  species  and  sonnets  of  the 
latter.  But  he  discovers  that  many  narrative  poems  contain 
reflections  showing  the  author's  bent  ;  that  is,  they  exhibit 
a  subjective  side,  e.g.,  the  narrative  poems  of  Wordsworth  ; 
while  in  the  sonnet  the  poet  frequently  fastens  his  reflections 
on  to  some  external  fact — in  a  word,  the  sonnet  has  an 
objective  side.  In  this  case,  too,  then,  it  seems  preferable 
to  speak  of  the  subjective  and  objective  aspects  of  a  poem 
rather  than  subjective  and  objective  species  ot  poems. 

Rules  of  Logical  Divisions. 

i.  There  must  be  but  one  basis  of  division — one 
fundamentum  divisionis. 

2.  The  species  taken  together  must  be  co-extensive  with 
the  genus. 

3.  If  the  division  be  a  continued  one  every  genus  must 
be  proximate.  This  is  expressed  thus  in  Latin:  Divisio 
noii  faciat  saltum.      ("  Division  must  not  make  a  leap.") 

I  shall  show  the  importance  of  these  rules  by  noting  the 
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inaccuracies  and  omissions  which  are  consequent  on  their 
violation. 

Rule    i.     The  following   division  of    nouns    breaks    the 
rule : 

Nouns 


I  I  I 

Common  Proper  Abstract 

There  are  two  bases  of  division  here.  The  species 
"  common  "  and  "  proper  "  are  distinguished  by  taking  the 
range  of  application  as  a  basis  ;  the  species  "  abstract  " 
involves  a  reference  to  the  nature  of  the  thing  named.  The 
noun  " colour  "  would  fall  into  the  species  "common,"  and 
the  species  "  abstract."  This  is  a  common  consequence  of 
more  than  one  basis.  "  Cross  division,"  as  this  fault  is 
called,  also  often  includes  a  violation  of  Rule  2.  The 
example  given  is  a  case  in  point.  Here  is  another  invalid 
division  : 

Verbs 


I  I  I  i 

Transitive  Intransitive  Copulative  Auxiliary 

The  student  may  examine  for  himself  what  the  funda- 
menta  divisionis  are.  Rule  2  is  again  broken.  A  third 
example  : 

Conjunctions 


1  I  I 

Co-ordinate  Subordinate  Correlative 

I  have  found  the  division  of  conjunctions  is  a  stumbling- 
block  to  a  large  number  of  students.  There  are  three 
divisions  which  are  valuable  :  The  first  takes  as  its  funda- 
mentum  divisionis  the  nature  of  the  clauses  or  sentences 
joined.  This  gives  rise  to  two  species,  co-ordinative  and 
subordinative.  The  second  takes  as  its  fundamentum 
divisionis  the  meaning  of  the  word,  or,  better,  the  nature  of 
the  relation  which  the  conjunction  implies.  On  this  division 
we  have  copulative,  adversative,  causal,  illative,  concessive, 
etc.  The  third  divides  conjunctions  according  as  they 
perform  their  functions  singly  and  in  pairs.    Thus,  we  have 
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absolute  and  correlative  conjunctions.   These  divisions  may 
be  given  in  tables : 

i.  Conjunctions 


Co-ordinative  Suhordinative 

ii.  Conjunctions 


I  I  I  I  I 

Copulative        Adversative       Causal       Illative       Concessive,  etc. 
iii.  Conjunctions 


i  i 

Absolute  Correlative 

The  following  suggestions  as  to  the  parsing  of  conjunc- 
tions are  the  outcome  of  this  threefold  division  : 

i.  Conjunctions  which  connect  sentences  or  clauses  may  be 
classified  in  all  three  ways,  e.g.,  in  the  sentence,  "  It  may 
rain  though  the  barometer  stands  high/1  the  conjunction 
"  though  "  is  subordinative,  concessive,  and  absolute  (in 
this  case,  though,  when  yet  is  required  it  is  correlative,  as 
in  the  sentence:  "Though  I  should  die  with  thee  yet  will 
I  not  deny  thee  "). 

2.  Conjunctions  which  connect  words  may  be  classified 
according  to  the  two  latter  divisions  only,  e.g.,  "  James  and 
John  came,"  illustrates  the  use  of  and  in  this  sense.  It  is 
copulative  and  absolute.  In  the  sentence  "either  James  or 
John  will  come,"  "either"  and  "or"  are,  each  of  them, 
both  alternative  and  correlative. 

Rule  2.  Cross  division  has  been  shown  to  result  in  a 
violation  of  this  rule.  In  the  first  example  under  Rule  i 
the  denotation  of  the  species  exceeded  that  of  the  genus. 
Here  is  a  case  where  the  denotation  of  the  species  is  less 
than  the  denotation  of  the  genus  : 

Heavenlv  Bodies 


I  I 

Those  which  shine  by  Those  which  shine  by 

their  own  light  reflected  light 

There    seems    to    be    strong    evidence    that    there    are 
dark  bodies — irrespective  of  meteorites — which  should  be 
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included  in  any  division  of  heavenly  bodies.  Thus  stars  like 
Algol  are  supposed  to  owe  their  periodic  eclipse  to  the 
presence  of  a  dark  companion. 

The  following  is  an  instructive  example  of  a  violation  of 
this  rule : 

Material  Substances 


i  i  i 

Solids  Liquids  Gases 

In  this  case  the  sum  of  the  denotations  of  the  separate 
species  is  less  than  that  of  the  genus,  for  there  is  no  place 
for  substances  which  are  in  a  state  of  transition.  Into 
which  species  would  "  melting  ice"  or  "  boiling  water  "  be 
placed  ?  The  truth  is  that  only  exhaustive  division  or 
dichotomy,  which  is  treated  below,  can  deal  satisfactorily 
with  this  class  of  case,  where  substances  pass  gradually 
from  one  class  to  another.  This  particular  case  is  dealt 
with  later  in  this  chapter. 

Rule  3.  A  "proximate"  genus  is  best  defined  by  type. 
Thus,  in  the  continued  division  : 

Rectilineal  Figure 


Triangle  Quadrilateral  Polygon 


Equilateral  Isosceles  Scalene 

"  Rectilineal  figure  "  is  the  genus  proximate  to  the  species  : 
triangle,  quadrilateral,  polygon.  "Triangle"  is  the  genus 
proximate  to  the  species  :  equilateral,  isosceles,  scalene.  If 
the  division  had  been  made  as  follows  we  should  have  a 
violation  of  the  rule : 

Rectilineal  Figure 


1  1  1 

Equilateral  Isosceles  Scalene 

The  division,  by  "leaping"  a  step,  fails  to  include  quadri- 
laterals   with    three    equal    sides,   five-sided    figures    with 
four  equal  sides,  etc.     Thus  Rule  2  would  be  violated  also. 
Having  now  examined  these  rules  in  detail,  the  question 
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arises,  how  may  we  he  certain  that  we  have  oheyed  them 
in  any  division  ?  In  some  cases,  where  the  whole  content 
of  a  genus  is  well  known  no  difficulty  arises,  e.g.,  we  are 
certain  that  when  we  have  divided  triangles  into  equilateral, 
isosceles  and  scalene,  that  we  have  exhausted  the  denotation 
of  "  triangle/'  We  might  have  heen  equally  confident  that 
solids,  liquids  and  gases  exhaust  all  material  hodies,  but 
this  is  not  so.  We  require,  then,  some  further  test  of  our 
divisions,  which  may,  so  far  as  we  know,  have  obeyed  all  the 
rules.  This  is  supplied  by  what  is  called  Exhaustive 
Division  or  Dichotomy  (Greek  dicha/m  two;  temno,  I  cut). 
By  a  law  of  thought  we  are  able  to  divide  any  genus  into 
two  exhaustive  classes  on  the  basis  of  the  presence  or 
absence  of  one  attribute  or  group  of  attributes.  Thus,  we 
may  divide  men  into  Englishmen  and  not-Englishmen, 
fractions  into  proper  and  not  proper,  material  substances 
into  solids  and  not-solids,  with  the  absolute  certainty  that 
no  part  of  the  respective  denotations  has  been  omitted. 
This  is  Exhaustive  Division  or  Dichotomy.  This  perfect 
form  of  division — perfect,  that  is,  in  the  sense  of  providing 
certain  conformity  with  the  rules  —  enables  us  to  avoid 
error,  as  the  following  examples  will  show  : 
(a)  Material  Substances 


i  i 

Solid  Xot-solid 


In  a  state  of  transition  to  Not  in  a  state  of  transition 

liquid,  c£.%  melting  ice  to  liquid 


Liquid  Not-liquid 


i  i 

In  a  state  of  transition  from  Not  in  state  of 

liquid  to  gas,  e.g.,  transition  from  liquid 

boiling  water  to  gas 

I  I 
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Examining  now  the  positive  elements  of  this  division, 
we  find  that  of  material  substances  some  are  solid,  some 
melting,  some  liquid,  some  vapourising,  some  gaseous  ; 
and  if  there  should  be  any  other  form  of  substance  it  will 
fall  into  the  class  "  not-gas." 

(b)  Heavenly  Bodies 

i  j 

Luminous  Not- luminous 


<  iii 

Either  wholly  self-     Not-such  dark  companions  Not  dark  companions 
luminous  or  wholly  of  fixed  stars  of  fixed  stars 

reflecting 


Self-       Not-self-  Comets    Not-such    Freely-moving  dark     Not-such 
luminous  luminous  masses,  e.g.,  meteorite 

I  I 


III  I 

Stars, e.g.,  Not-  Planets  Not-planets 

the  sun   stars 


Nebula?    Not-Nebul.'e  Asteroids      Not-asteroids 

\  l_ 

I  I  I 

Meteors       Not-meteors  Satellites      Not-satellites 

We  here  reach  an  enumeration  of  the  species,  stars, 
nebulae,  meteors,  comets,  planets,  asteroids,  satellites,  dark 
companions,  meteorites,  which  exhaust  the  genus  "  heavenly 
body,"  so  far  as  our  present  knowledge  goes;  and  any 
future  discovery  must  find  its  place  in  one  of  the  negative 
classes — not-meteors,  not-comets,  not  freely-moving  dark 
masses,  not-satellites. 

(c)   This  illustration  is  due  to  Jevons  : 
Man 

i     

i  i 

Arvan  Not-Aryan 

1 

I  I 

Semitic  Not-Semitic 


i  i 

Turanian  Not-Turanian 
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The  division  is  exhaustive  of  all  existing  men.  For  if, 
in  addition  to  the  Aryan,  Semitic,  and  Turanian  races 
which  we  know,  another  is  at  some  time  brought  to  light, 
it  will  find  a  place  in  the  negative  class,  not-Turanian. 

Objections  to  Dichotomy.  This  method  of  dividing  a  genus 
is  often  objected  to  because — 

(a)  It  is  so  cumbrous. 

(b)  It    introduces    at    every  step    a   vague,    indefinite 
class. 

(c)  This  class  may  have  no  real  existence. 

The  answer  to  these  objections  is  that  no  one  would 
dream  of  adopting  a  bifurcate  classification  as  final  if  there 
are  more  obviously  economical  methods  possible.  Thus, 
no  schoolmaster  would  think  of  dividing  his  pupils  into 
Standard  I.  and  Not-Standard  1.,  or  Form  VI.  and  Not- 
Form  VI.,  with  the  idea  of  adopting  this  division 
ultimately ;  but  as  a  test  of  the  validity  of  any  division 
dichotomy  is  invaluable.  We  have  seen  how  the  common 
division  of  matter  into  solid,  liquid  and  gaseous  is  not 
exhaustive,  and  how  dichotomy  disclosed  its  shortcomings. 
Take  now  this  case  :  A  schoolmaster  is  drawing  up  a  time- 
table. To  apportion  the  work  for  a  certain  hour,  he 
divides  his  pupils  thus : 

Punils 


I  I  I 

Those  reading   Those  reading  Those  reading 

science  Latin  a  modern  language,  e.g.,  French 

Such  a  division  may,  first,  violate  Rule  1.  Some  boys 
may  be  reading  both  science  and  French,  and,  if  the  time- 
table is  arranged  according  to  this  division,  they  must  miss 
one  or  other  subject.  Secondly,  it  may  violate  Rule  2,  in 
which  case  some  boys  will  not  be  employed  at  all.  Now 
the  difficulty  is  a  real  one,  as  all  masters  who  have  a  large 
number  of  pupils  variously  engaged  will  readily  admit.  If 
the  division  be  made  dichotomous,  the  various  classes  for 
which  provision  must  be  made  appear  at  once.     Thus  ; 
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Pupils 

1                                1 

(i)  Those  reading                            Those  not 
science  only 

I 
(2)  Those  reading  both  science 
and  language 

1 
Those  not 

1 
Those  reading  languages  only 

Those  not 

1 

1 
(3)  Those  reading  Latin 

1 
Those  not 

i 

(4)  Those  reading  French 

1 
Those  not 

59 


(The  numbers  indicate  the  actual  classes  resulting  from 
this  division.)       * 

It  will  appear  at  once  that  there  are  four  classes  for 
which  arrangements  must  be  made — and,  further,  the 
possible  existence  of  a  class  which  might  have  been  other- 
wise overlooked  is  made  obvious. 

The  question  of  the  vague  indefinite  negative  class  does 
not  create  a  difficulty  when  we  thus  view  dichotomy  as  a 
test  of  our  divisions.  Further,  it  frequently  happens  that 
we  wish  to  concentrate  our  attention  on  one  group  while 
we  unceremoniously  wave  aside  the  rest.  Thus  out  of  the 
various  British  possessions  it  is  often  desirable  to  mark  off 
distinctly  those  which  are  colonies  from  the  rest,  and  these 
are  brought  more  distinctly  into  focus,  so  to  speak,  by  the 
relegation  of  the  rest  into  the  background  of  "  not- 
colonies." 
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SUMMARY    OF    CHAPTER    VIII. 

Logical  Division  is  the  process  by  which  we  distinguish 
the  species  of  a  genus.  It  is  an  analysis  of  the  denotation 
of  a  term.  By  it  we  are  enabled  to  examine  in  turn  the 
parts  of  a  whole  and  thus  make  an  advance  in  knowledge 
possible.     Organisation  is  based  on  logical  division. 

To  be  distinguished  from  : 

i.  Physical  partition  in  which  an  individual  is  actually 
divided  into  parts. 

2.  Metaphysical  analysis  in  which  the  attributes  of  a  thing 
are  separated  by  the  process  of  abstraction. 

Rules  of  Logical  Division  : 

i.  There  must  be  one  basis  of  division — called  the 
fundamentum  divisionis. 

2.  The  species  taken  together  must  be  co-extensive  with 
the  genus. 

3.  If  the  division  be  continued  every  genus  must  be 
proximate. 

Exhaustive  Division  or  Dichotomy. — A  genus  is 
divided  into  two  exhaustive  classes  on  the  basis  of  the 
presence  or  absence  of  an  attribute. 

Objections : 

1.  It  is  too  cumbrous. 

2.  It  introduces  at  every  step  a  vague  indefinite  class. 

3.  This  class  may  have  no  real  existence. 

Answer. — It  is  not  as  a  division  to  be  finally  adopted,  but 
as  a  test  of  a  more  convenient  division  that  dichotomy  is 
useful. 


QUESTIONS    ON    CHAPTER    VIII. 

1.  Define  Logical  Division.  Why  is  Division 
necessary  ? 

2.  Show  the  relation  of  Division  to  Definition. 

3.  What  are  the  rules  of  Logical  Division  ? 

4.  Examine  the  following  divisions  by  means  of  the 
rules.  When  a  division  is  faulty,  state  what  rule  or  rules 
it  breaks. 


teacher's    logic.  6i 

(a)  Nouns  into  common,  proper,  and  abstract. 

(b)  Terms  into  singular,  general,  collective. 

(c)  Conjunctions  into  co-ordinative,  subordinative,  and 
correlative. 

(d)  Matter  into  solids,  liquids,  and  gases. 

(e)  A  simple   sentence   into  subject,  predicate,  object, 
and  extension  of  the  predicate. 

(/)    Notes  of  a  lesson  into  introduction,  experiments, 
general  law,  application. 

(g)  Yorkshire  into  North,  East  and  West  Ridings. 

(h)  A    house   into    first    storey,    second    storey,    third 
storey. 

(i)    Triangles  into  equi-angular,  isosceles,  and  scalene. 

(j)  Triangles  into  equilateral,  obtuse  angled,  and  right- 
angled. 

(h)   Celestial  bodies  into  those  self-luminous  and  those 
reflecting  light. 

(/)     Mental     phenomena     into    intellectual,     affective, 
volitional. 

5.  Make  a  logical  division  of  each  of  the  following 
classes  :  Quadrilateral  figures,  members  of  the  solar  system, 
nouns,  verbs,  specific  subjects  in  elementary  schools,  class 
subjects. 
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CHAPTER   IX. 

The  Advance  from  Particular  to  General  Truths. 

Let  us  now  examine  the  position.  Seeking  to  obtain  some 
guarantee  of  the  validity  of  thought,  we  first  sought  the 
conditions  of  conception.  Then  the  various  divisions  of 
terms  gave  us  some  idea  of  the  classes  into  which  our  ideas 
may  fall.  The  doctrine  of  definition  gave  us  the  common 
characteristics  of  the  members  of  these  classes,  and  division, 
by  teaching  us  how  these  classes  might  be  advantageously 
subdivided,  made  more  clear  the  extent  of  our  notions. 
We  are  in  the  position  of  a  child,  who,  having  learnt  the 
use  of  his  limbs,  makes  short  journeys  into  the  world  around 
him  with  confidence.  So  we  can  venture  out  into  the  world 
of  knowledge  a  short  way.  It  is  true  our  assertions  will  be 
very  limited,  but  we  make  them  with  confidence.  Thus  we 
may  say  London  is  a  city,  Robert  is  a  proper  noun,  the 
Wharfe  is  not  a  tidal  river — simple  judgments  which  our 
knowledge  of  the  terms  we  employ  justifies  us  in  making. 
Granted  that  our  notions  have  been  made  clear,  distinct, 
and  adequate,  by  the  means  we  have  been  examining  in 
the  preceding  chapters,  then  we  seem  to  require  no  further 
justification  for  such  judgments  as  these. 

Rise  of  Generalisations. — But  we  soon  grow  dissatisfied 
with  these  simple  statements.  We  begin  to  see  so  much 
similarity  in  the  world  around  us  that  we  boldly  make 
assertions  concerning  not  one  thing,  but  many.  We  say 
men  are  kind  or  cruel,  day  is  always  followed,  by  night,  all 
rivers  run  down -hill.  We  begin,  that  is,  to  generalise. 
Then  we  even  advance  further  ;'  we  say,  "  This  rose  tree 
will  flower."  We  have  not  only  come  to  a  general 
conclusion  re  roses,  but  we  boldly  prophesy  the  repetition 
of  a  phenomenon  in  a  new  case.  This  is  venturing  into 
deep  water  in  truth.  What  right  have  we  to  say  that  day 
is  always  followed  by  night  ?  What  authority  have  we  to 
assume  that  all  rose  trees  flower,  and  then  to  assert  that 
this  particular  tree  will  do  so  ?  In  a  word,  how  can  we 
justify  judgments  of  a  general  character  ? 
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This  is,  perhaps,  the  most  important  question  which 
Logic  has  to  answer,  and  by  far  the  greater  part  of  this 
book  will  be  devoted  to  it.  How  are  general  judgments 
properly  reached  ?  When  may  we  apply  a  general 
statement  absolutely  ?  To  what  limitations  are  our  general 
judgments  subject  ?  These  are  questions  which  go  to 
the  root  of  the  question  of  valid  thought/"  There  is  another 
point  which  may  properly  be  referred  to  here.  When  we 
have  reached  a  general  truth  what  are  the  regulations  which 
we  must  observe  in  applying  it  to  a  particular  case  ?  This 
is  another  department  of  Logic.  We  may  distinguish  the 
two  departments  generally,  thus  : 

(1)  That  part  of  Logic  which  treats  of  the  way  in  wjiich 

general    truths    are    reached — called    Inductive    Logic. 

(2)  That    part    of    Logic    which    treats    of   the    way   in 

which  general  truths  may  be  applied — called  Deductive 
Logic. 
Our  present  business  is  with  Inductive  Logic. 
Varying  Degrees  of  Certainty  in  General  Truths.— 
To  indicate  more  clearly  the  nature  and  scope  of  the  enquiry, 
let  us  examine  a  few  general  statements  which  any  educated 
man  would  not  hesitate  to  make.     Take  the  following  : 

1.  The  angles  of  an  equilateral  triangle  are  equal  to  one 
another. 

2.  None  of  the  islands  of  Europe  are  very  large. 

3.  All  heavenly  bodies  are  subject  to  the  law  of  gravita- 
tion. 

4.  Water  boils  at  ioo  deg.  C.  under  760  mm.  pressure. 
We  might  say  that  these  statements  could  be  made  with 

certainty.  But  let  us  examine  them  a .  little  more  closely, 
and  we  shall  see  that  what  we  call  "  certainty  "  admits  of 
degrees.  With  regard  to  the  first  we  should  be  emphatic. 
We  might  say  it  was  impossible  to  conceive  of  an  equilateral 
triangle  which  was  not  equi-angular. 

Of  the  second  we  should  be  equally  emphatic,  because  the 
islands  of  Europe  are  well  known.  It  might  be  possible  to 
imagine  a  large  island  off  the  coast,  say,  of  Spain,  but  we 
know  there  is  not  one.  Equal  certainty,  but  on  a  different 
ground,  observe. 

The  third,  however,  must  "  give  us  pause."  It  is  not 
inconceivable  that  there  may  be  a  body  somewhere  in  the 
universe  not  subject  to  the    law    of    gravitation,  and    we 
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certainly  do  not  know  as  a  fact,  as  we  say,  that  there  is 
not  such  a  one. 

The  fourth  we  might  hesitate  to  pronounce  so  emphatically 
as  the  first  and  second,  though  we  should  be  more  ready  to 
guarantee  the  truth  of  this  than  of  the  third. 

We  cannot  fail  to  see,  then,  that  the  general  statements 
we  so  confidently  make  may  well  be  the  subject  of  searching 
enquiry,  for  they  are  the  very  foundations  of  our  knowledge, 
and  if  these  be  insecure  the  whole  fabric  built  thereon  must 
inevitably  collapse. 

Importance  of  this  part  of  the  Subject  to  the 
Teacher. — Few  words  will  be  necessary  to  show  why  the 
teacher  should  be  familiar  with  the  conditions  of  valid 
inductions.     Here  are  one  or  two  reasons : 

1.  Children  are  very  much  addicted  to  hasty  generalisa- 
tions, e.g.,  (a)  Air  is  everywhere,  (b)  The  "  same  "  sky  is 
always  above  us.  (c)  All  rocks  are  hard.  (d)  Only 
animals  have  organs. 

The  teacher  is  continually  correcting  these,  and  obviously 
he  can  do  so  much  better  if  he  understands  how  reliable 
generalisations  should  be  formed. 

2.  A  child's  advance  in  knowledge  is  marked  by  the 
increase  in  number  and  accuracy  of  the  general  truths  with 
which  he  becomes  familiar.  The  teacher  is  the  pilot  of 
this  advance.  He  is  ever  substituting  general  principles 
for  isolated  facts.  This  may  be  illustrated  from  several 
subjects  of  instruction  : 

(a)  Grammar. — Take  the  simple  case  of  the  noun.  Names 
of  things  concrete,  things  abstract,  things  viewed 
individually,  things  viewed  as  a  class,  are  laid  before  the 
child,  and  he  proceeds  from  these  particulars  to  derive  a 
generalisation  that  "  Nouns  are  words  used  as  marks  of 
things,"  the  latter  word  being  understood  in  a  wide,  though 
often,  it  is  to  be  feared,  in  a  vague  sense.  In  due  time 
phrases  used  to  represent  one  thing  are  regarded  as  substan- 
tival, e.g.,  "  To  be  happy  is  a  most  desirable  aim."  The  noun 
clause  appears  in  due  course,  and  single  words,  phrases, 
and  clauses  are  grouped  as  "  parts  of  language  exercising  a 
substantival  function." 

(b)  Geography. — The  plan  of  a  desk,  of  the  schoolroom 
and  playground,  the  map  of  the  district,  a  globe,  the  maps 
of  parts  of  the  world  in  relief  and  otherwise,  the  celestial 
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globe,  are  all  in  process  of  time  unified  as  "  representa- 
tions of  parts  of  the  material  world. "  Again,  the  river,  the 
mountain  and  the  plain,  the  general  contour,  and  coast 
line,  it  any,  are  synthesised  under  the  "  physical  features  " 
of  a  country. 

(c)  Mathematics. — The  concrete  gives  place  to  the 
abstract,  the  illustrative  cases  to  the  formula,  Arithmetic 
is  superceded  by  Algebra,  and  always  there  is  an  advance 
from  the  particular  to  the  more  general. 

(d)  Physical  Science  only  receives  its-  name  since  it 
endeavours  to  generalise  the  infinite  number  of  phenomena 
which  the  world  around  us  presents.  Thus  from  the 
falling  stone,  the  flowing  river,  the  revolving  moon,'  we  get 
to  the  law  of  gravitation  ;  the  skin,  salt,  and  bricks  seem 
to  have  nothing  in  common,  but  they  all  exhibit  porosity. 
In  fact,  the  whole  body  of  the  physical  sciences  is  but 
(a)  the  statement  of  general  truths,  and  (b)  the  following 
out  of  these  into  their  utmost  ramifications  ;  but  first  the 
general  truth  must  be  reached. 

In  fact,  to  revert  to  a  metaphor  used  above,  the  teacher 
must  be  pilot  of  the  pupil  in  this  voyage  of  discovery — the 
discovery  of  general  truths. 

3.  A  word  only  with  regard  to  the  teacher  himself.  He 
cannot  pilot  an  inductive  enquiry  if  the  conditions  of  valid 
induction  be  not  merely  known  to  him,  but  so  thoroughly 
and  familiarly  known  as  to  be  formative  with  respect  to  his 
method  of  teaching. 

The  Enquiry  is  one  Concerning  Inference. — There 
has  been  much  dispute  among  logicians  as  to  what  an  act 
of  inference  implies.  We  may  take  it  to  mean  the  passing 
from  one  or  more  judgments  to  another.  This  is  somewhat 
vague ;  but  an  example  will  make  it  clearer.  If  I  observe 
that  the  sparrow,  the  lark,  the  duck,  etc.,  all  lay  eggs,  I 
perform  an  act  of  inference  when  I  conclude  "  all  birds  lay 
eggs."  There  are  different  kinds  of  inference,  but  the 
example  given  illustrates  the  passing  from  particular  cases 
to  a  general  conclusion.  Such  inference  is  called  inductive. 
We  proceed  to  enquire  carefully  into  the  nature  of  inductive 
inference  in  the  succeeding  chapter. 
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SUMMARY   OF   CHAPTER   IX. 

The  doctrine  of  terms,  the  predicables,  definition  and 
division,  being  understood,  simple  particular  judgments  may 
be  made  with  confidence. 

Rise  of  Generalisations. —  The  similarity  we  observe 
amongst  things  calls  forth  generalisations.  The  question 
is  :   What  warrant  have  we  for  these  ? 

Inductive  Logic  treats  of  the  way  general  truths  should  be 
reached. 

Importance  of  Inductive  Logic  to  the  Teacher  : 

i.  That  he  may  correct  hasty,  unwarrantable  generalisa- 
tions. 

2.  That  he  may  direct  the  advance  of  the  child  towards 
general  knowledge.  In  grammar,  geography,  mathematics, 
science,  there  must  always  be  an  advance  from  the 
particular  to  the  more  general. 

3.  Knowledge  of  the  conditions  of  valid  induction  will 
show  itself  in  the  teacher's  methods. 


QUESTIONS   ON  CHAPTER   IX. 

i.   What  is  the  function  of  Inductive  Logic  ?      What  of 
Deductive  ? 

2.  Why  are  the  principles  of  valid  induction   of  so  great 
importance  to  the  teacher  ? 

3.  Give  examples  of  progress  from  the  particular  to  the 
general  in — 

(a)  Grammar. 

(b)  Arithmetic. 

(c)  Science. 
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CHAPTER    X. 

The  Nature  of  Induction. 

It  is  necessary  to  examine  carefully  the  nature  of  this 
all-important  process  of  Induction.  We  will  take  a  case 
in  which  it  is  employed.  A  child  has  been  listening  to  a 
description  of  levers,  and  has  observed  how  a  bar  is  used 
to  raise  a  weight.  He  is  interested,  and  takes  the  first 
opportunity  of  trying  what  he  can  himself  do  with  a  bar  in 
the  way  of  weight-lifting.  He  watches  the  mason  shifting 
huge  blocks  with  a  icrowbar  with  the  eye  of  an  expert. 
Suddenly,  perhaps  too  suddenly,  he  feels  he  can  embrace 
all  existing  crowbars  in  one  grand  generalisation  :  All 
crowbars  may  be  used  as  levers.  It  is  not  our  object  at 
this  point  to  consider  whether  or  no  the  evidence  at  his 
command  is  sufficient  warranty  for  so  wide  an  assertion. 
That  is  the  problem  which  the  logic  of  induction  has  to 
decide,  and  we  shall  be  able  to  solve  it  only  when  our 
exposition  of  this  part  of  logic  is  complete.  Here  we  have 
to  observe  what  are  the  essential  characteristics  of  this 
typical  example  of  Inductive  Inference. 

Two  Essential  Characteristics  of  an  Induction. 

1.  First  there  is  a  leap  fro ?n  the  known  to  the  unknown — the 
application  of  what  we  know  from  experience  to  be  true  in 
a  few  cases  to  every  other  similar  case  which  we  neither 
have  examined  nor  ever  can  examine.  This  is,  indeed, 
"  the  leap,  the  hazard  of  Induction,"  as  Bain  aptly  describes 
it,  and  rigidly  and  searchingly  ought  we  to  test  the  ground 
before  making  such  a  leap.  For  if,  to  revert  to  our  example, 
there  be  in  existence  any  single  crowbar  which  may  not  be 
used  as  a  lever,  then  is  our  generalisation  not  only  worthless, 
but  misleading. 

2.  Secondly,  there  is  a  substitution  of  the  general  for  the 
particular.  This,  looked  at  only  from  the  point  of  view 
of  economy  of  language,  is  an  important  step  to  have 
taken. 

These,  then,  are  the  two  essential  factors  which  make  up 
an  act  of  inductive  inference.  The  omission  of  either  from 
the  connotation  of  "  induction  "  results  in  the  inclusion 
either  of  cases  which  ought  not  to  be  regarded  as  instances 
of  induction  at  all,  or  of  cases  in  which  induction  forms  but 
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a  part  of  the  process  of  inference,  and  that  the  least  obvious 
part.  It  will  make  the  nature  of  induction,  as  interpreted 
by  those  who  regard  it  as  an  instrument  for  the  advance  of 
our  knowledge  of  phenomena  clearer,  if  we  here  examine 
those  instances  which  are  often  quoted  as  inductions. 

So-called  Perfect  Induction. — The  distinction  between 
so-called  Perfect  Induction  and  Imperfect  Induction  is  thus 
stated  by  Jevons :  "  An  induction,  that  is,  an  act  of 
inductive  reasoning,  is  called  Perfect  when  all  possible  cases 
or  instances  to  which  the  conclusion  can  refer  have  been 
examined.  If,  as  usually  happens,  it  is  impossible  to 
examine  all  cases,  since  they  may  occur  at  future  times  or 
in  distant  parts  of  the  earth,  or  other  regions  of  the  universe, 
the  Induction  is  called  Imperfect."  Thus,  the  example 
given  above  is,  on  this  view,  a  case  of  Imperfect  Induction  ; 
while  if  I  were  to  assert  that  no  student  of  this  college  is 
suffering  from  organic,  disease,  after  examining  the  medical 
officer's  report  on  every  individual  student,  I  should  be 
said  to  have  reached  the  conclusion  by  a  process  of  Perfect 
Induction.  Now,  however  valuable  these  "Verbal 
Transformations,"  as  Mill  calls  them,  may  be  in  respect 
of  economy  of  language,  they  certainly  involve  no  extension 
of  knowledge,  no  grasp  of  cases  remote  in  time  or  place. 
And  certainly  we  teachers  who  desire  to  give  our  pupils  as 
wide  a  grasp  of  phenomena  as  possible,  had  better  adopt 
that  view  of  Induction  which  regards  a  "  leap  "  from  the 
known  to  the  unknown  as  an  essential  factor.  For  we 
should  not,  I  imagine,  consider  a  lesson  on,  say,  a  noun 
clause  as  satisfactory  which  ended  thus  :  "  Now,  the 
instances  I  have  brought  before  you  all  illustrate  the  fact 
that  a  clause  may  perform  the  function  of  a  noun,  and  is 
appropriately  called  a  noun  clause  ;  thus  all  these  clauses 
we  have  examined  are  noun  clauses."  Rather  should  wre 
"demand  this  conclusion.  "  Every  clause  which,  in  the  same 
way  as  these  examples  we  have  examined,  performs  the 
function  of  a  noun,  is  to  be  regarded  as  a  noun  clause." 

Inference  from  One  Particular  Case  to  Another 
Particular  Case. — Suppose  I  know  that  an  acquaintance 
of  mine  who  is  very  pale  is  in  bad  health.  If  I  infer  that 
the  next  person  whom  I  meet,  who  is  looking  pale,  is  in 
bad  health,  I  am  drawing  an  inference  from  one  particular 
case  to  another  particular  case.  This  kind  of  inference  is  the 
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one  which  is  most  often  made  in  everyday  life,  and  I  may 
remark  it  is  the  one  most  prone  to  error.  Any  system  of 
Logic  which  offered  no  test  of  the  validity  of  such 
inferences  as  these  would  be  worthless.  The  point, 
however,  for  us  to  notice  is  that  there  is  something  besides 
Induction  involved  here.  There  is  a  general  statement 
implied,  *.*.,  that  all  pallor  is  a  sign  of  bad  health  ;  but 
there  is  also  an  application  of  a  general  statement  to  a 
particular  case,  and  it  is  the  business  of  deductive  logic  to 
decide  whether  the  application  has  been  correctly  made. 
We  shall  be  in  a  position  to  decide  on  the  validity  of 
inferences  of  this  kind  when  both  Induction  and  Deduction 
have  been  discussed  ;  they  will  not  be  examined  here  since 
they  involve  no  explicit  "  substitution  of  the  general  for  the 
particular." 

Inference  by  Parity  of  Reasoning. — There  is  an 
interesting  process  of  inference  employed  in  establishing 
the  truth  of  geometrical  theorems  (as  well  as  others)  which 
may,  with  advantage,  be  examined  here.  To  prove  that 
the  angles  at  the  base  of  an  isosceles  triangle  are  equal  you 
draw  a  figure,  and  after  showing  the  theorem  to  be  true  of 
this  one  case  you  proceed  at  once  to  the  generalisation  that 
it  is  true  of  every  other  isosceles  triangle.  Probably  the 
stupendous  character  of  the  inference  has  never  occurred 
to  you.  Yet,  if  the  triangle  had  for  its  base  a  line  drawn 
from  the  east  point  to  the  west  point  of  your  horizon,  and 
for  its  apex  the  zenith  of  your  horizon  you  would  not 
hesitate  to  assert  that  the  theorem  would  hold  good  here, 
though  the  only  triangle,  perhaps,  to  which  a  test  of  the 
truth  of  the  theorem  has  been  applied  is  the  one  on  a 
certain  page  of  your  Euclid.  Whence,  then,  this  certainty? 
Because,  you -say,  every  isosceles  triangle  could  be  sub- 
jected to  an  examination  of  the  kind  which  Euclid  has 
rendered  familiar  to  you.  The  truth  of  the  theorem  is 
grounded  on  what  is  called  Parity  of  Reasoning.  (Parity  = 
Similarity,  cf.  "  disparity.")  Are  we  to  call  this  Inductive 
Inference?  Let  us  see  if  it  involves  the  two  essential  factors 
given  above.  It  certainly  involves  the  substitution  of  the 
general  for  the  particular.  But  does  it  involve  a  leap  from 
the  known  to  the  unknown  ?  Is  not  every  isosceles  triangle 
known  when  you  know  one  ?  I  think  so.  At  any  rate,  all 
the  triangles  which  you  can  conceive  are   not   "  unknown  '" 
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in  the  same  sense  in  which  the  crowbars  of  our  first  example 
are  unknown.  Hence  this  is  not  an  induction  in  the  sense 
adopted  here.  After  all,  so  long  as  we  appreciate  the 
nature  of  such  inferences  as  this,  i.e.,  that  they  are  inferences 
by  parity  of  reasoning,  we  need  not  trouble  ourselves  with 
the  academic  question  as  to  whether  this  is  a  case  of 
Inductive  Inference  or  not. 


SUMMARY   OF    CHAPTER    X. 

An  act  of  induction  involves  : 

i.   Inference  from  the  known  to  the  unknown. 

2.  Substitution  of  the  general  for  the  particular. 

Three  types  of  inference  which  do  not  satisfy  both  these, 
conditions  : 

i.  "  Perfect  "  Inductions. — Since  every  case  has  been 
examined  before  the  generalisation  is  made,  there  is  no 
inference  from  the  known  to  the  unknown.  Called  by  Mill 
"  verbal  transformations." 

2.  Inference  from  One  Particular  Case  to  Another. 
— Involves  (a)  a  suppressed  generalisation  which  represents 
the  inductive  part  of  the  process,  (b)  an  application  of  this 
which  is  deductive  inference. 

3.  Inference  by  Parity  of  Reasoning. — The  same 
reasoning  which  applies  to  one  case  will  apply  to  all,  e.g., 
the  way  in  which  Euclid  reaches  a  general  truth  from  one 
example.  When  one  instance  is  "  known  "  all  are 
"  known." 


QUESTIONS  ON   CHAPTER  X. 

1.  What  do  you  understand  by  an  act  of  induction? 
Give  an  instance  in  illustration  taken  from  a  subject  taught 
in  elementary  schools. 

2.  Analyse  carefully  the  acts  of  inference  of  which  the 
following  statements  are  the  outcome : 

(a)  None  of  the  islands  of  Europe  are  very  large. 

(/>)   All  triangles  on  equal  bases  and  between  the  same 

parallels  are  equal  to  one  another. 
(c)   Water  expands  on  solidifying. 
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CHAPTER    XI. 

A  Form  of  Induction  Generally  Unreliable. 

We  should  all  be  ready  to  question  the  sanity  of  a  sea 
captain  who  would  venture  to  steer  his  ship  into  the 
harbour  of  Monte  Video  without  a  pilot,  because  he 
happened  to  know  the  ins  and  outs  of  every  harbour  round 
the  British  Isles.  All  men,  except  the  utterly  foolhardy, 
are  careful  how  they  act  when  they  find  themselves  in 
circumstances  which  they  have  never  before  experienced. 
The  amateur  yachtsman  who  can  handle  his  little  craft 
skilfully  in  the  smooth  reaches  of  Southampton  Water  does 
not  offer  to  steer  a  P.  &  O.  steamer  through  a  Bay  of  Biscay 
gale.  When  it  is  a  question  of  actions  we  are  careful  not  to 
venture  far  outside  our  experience.  When  it  is  a  question 
of  inference  we  are  ready  to  project  our  experience  into 
circumstances  remote  in  time  and  place.  For  example,  in 
my  experience  every  cloud  which  hides  the  sun's  disc  from 
my  eyes  presents  a  more  or  less  dark  surface  to  my  view. 
I  should  not  hesitate  to  say  that  if  I  saw  a  cloud  similarly 
situated  from  the  top  of  Mount  Everest,  it  would  appear 
somewhat  dark.  My  certainty  would  not,  however,  be 
based  on  the  mere  number  of  such  instances  as  I  had 
observed,  but  on  the  fact  that  I  knew  that  there  was  a  very 
good  reason  why  the  cloud  did  appear  rather  dark,  namely, 
the  opacity — to  a  greater  or  less  degree — of  the  cloud.  But 
suppose---to  take  another  meteorological  illustration — I 
were  to  state  with  equal  confidence  that  if  from  the  top  of 
Mount  Everest  I  observed  a  strong  yellow  colour  in  the  sky 
at  sunset  rain  would  certainly  follow  I  should  be  making  a 
statement  on  very  unsatisfactory .  grounds,  i.e.,  the  mere 
frequency  with  which  rain  follows  such  a  sunset  in  this 
country.  I  cannot  account  for  the  connection  between  a 
yellow  sky  and  rain  as  I  could  account  for  the  comparative 
opacity  of  the  cloud  referred  to  above,  and  therefore  to 
assert  that  the  connection  holds  in  another  hemisphere  is 
to  draw  an  inference  both  hazardous  and  unreliable.  Such 
an  inference  is  known  as  an  Inductio  per  enumerationem 
simplicem  ;  that  is,  an  Induction  which  is  based  upon  the 
mere  enumeration   of   the  cases   in  which  a  phenomenon  has 
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been  observed.  Bacon  stigmatised  such  an  inference  as 
puerile  some  centuries  ago,  and  we  iruy  quote  a  modern 
writer's  opinion  :  "  It  cannot  be  too  strongly  impressed  on 
the  mind  of  the  student  that  a  mere  enumeratio  simplex 
.     .      .      .     is    simply    worthless."  >\vler.)        Let    us 

examine  a  few  instances  of  such  fallacious  inferences. 

Examples  to  Illustrate  how  Untrustworthy  these 
Inductions  usually  are : 

(a)   Children  are  given  to  hasty  generalisations,  and  the 
teacher  will  be  familiar  with  such  instances  as  these : 
i.  Water  always  flows  down -hi!). 

2.  Air  is  to  be  found  everywhere. 

3.  Snow  never  falls  in  July. 

Each  of  these  false  generalisations  is  an  inductio  per 
enumerationem  simplicem.  Every  river  and  brook  the  boy 
has  seen  flows  down-hill,  and  this  is  sufficient  to  satisfy  him 
that  it  is  an  essential  property  of  water.  He  has  so  often 
pleased  his  teacher  by  answering,  with  respect  to  questions 
concerning  tumblers,  etc.,  apparently  empty,  "  They 
contain  air,"  that  he  has  no  hesitation  in  concluding  that 
air  is  to  be  found  everywhere.  He  has  never  passed  the 
snow-line  nor  seen  the  icebergs  of  the  Antarctic  seas  ;  yet 
is  he  confident  that  the  Julys  of  his  own  English  summer 
must  hold  the  world  over. 

It  is  the  teacher's  duty  to  check  this  most  prevalent 
tendency  whenever  it  shows  itself.  Mere  experience  of  a  fact 
without  any  knowledge  as  to  its  cause  is  not  to  be  relied  on  in 
cases  outside  the  area  from  which  experience  is  drawn.  The 
teacher  can,  by  a  crusade  against  this  tendency  in  his  pupils, 
do  much  to  cultivate  the  habit  of  careful  generalisation,  and 
thus  remove  one  of  the  most  common  sources  of  error. 

Conditions  under  which  this  Form  of  Induction  may 
be  Employed  Profitably. — Though  the  mere  repetition  of  a 
phenomenon  can  never  give  us  more  than  a  probability  that 
it  will  be  found  in  circumstances  outside  our  own  experience, 
yet  it  may  happen  that  the  probability  amounts  to  practical 
certainty,  if  (a)  human  experience  from  all  time  corroborates 
our  own,  and  if  (b)  the  existence  of  any  exception  must — so 
far  as  it  is  possible  to  judge — have  been  made  known.  It  is 
on  these  two  grounds  that  wTe  accept  those  all-embracing 
generalities — the  law  of  the  uniformity  of  Nature  and  the  law 
of   universal  causation — which   are  dealt  with   in  the  two 
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succeeding  chapters.  It  is  probable — though  this  is  debat-' 
able  ground— that  the  axioms  of  mathematics,  e.g.,  things 
which  are  equal  to  the  same  thing  are  equal  to  one  another, 
are  established  by  an  inductio  per  enumcrationem  simpliccm. 

E  npirical  Laws. — By  means  of  the  kind  of  inference 
we  are  examining,  there  has  been  established  a  class  of 
uniformities  called  Empirical  Laws.  "  Law  "  is  used  here 
in  the  scientific  sense  of  "  Expression  of  a  uniformity  '  ; 
and  the  term  "  Empirical  M  is  derived  from  the  Greek 
empciria,  experience,  which  explains  its  meaning.  An 
Empirical  Law,  then,  is  the  statement  of  a  uniformity  which  we 
know  by  experience  to  exist,  but  which  we  are  unable  to  explain. 
That  a  yellow  appearance  of  the  sky  at  sunset  indicates 
rain  ;  that  sun  spots,  the  aurora  borealis  and  magnetic 
forces,  are  intimately  connected  are  common  examples  of 
empirical  laws.  It  is  most  important  to  observe  that  a 
very  large  number  of  uniformities  which  specialists  can 
account  for  are  to  the  majority  of  people  empirical  laws ; 
thus:  that  water  will  rise  to  its  own  level;  that  a  damp 
climate  is  good  for  grass  land;  that  quicklime  when 
watered  evoives  heat  and  then  crumbles  to  a  powder;  that 
mountain  ranges  are  generally  composed  of  igneous  rocks; 
all  these  are  empirical  laws  to  ninety-nine  hundredths  of 
the  population  of  this  country,  and  it  is,  and  ought  to  be, 
the  object  of  educationalists  so  to  improve  and  extend 
the  systems  of  education  that  the  scientific  explanation  of 
such  uniformities  as  these  shall  become  as  widely  known 
as  possible.  For  it  is  a  characteristic  of  these  empirical 
laws,  as  the  reader  knows  who  has  followed  what 
has  been  said  concerning  the  inductio  per  enumcrationem 
simpliccm — that  "  at  another  time,  at  another  place,  or  under 
different  circumstances  from  those  under  which  the 
observations  were  made,  (they)  might  be  found  to  break 
down."  (Fowler.)  The  lesson  to  be  laid  to  heart,  then,  is 
this  :  Wherever  and  whenever  it  is  possible,  empirical  laws 
must  be  explained  ;  they  must  be  shown  to  be  cases  of  those 
wider  generalities  called  Laws  of  Nature  (see  next  chapter)  ; 
in  a  word,  the  cause  of  the  uniformity  must  be  revealed. 

Uniformities  of  Co  -existence.* — We  have  to  rely  on 
the   inductio  per  enumcrationem  simplican    for    another   class 

•Taken  in  the  order  given  from  Dr.  Venn's  Empirical  Logic, 
Chapter  III. 
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of  uniformities  on  which  we  are  accustomed  to  place  firm 
reliance,  to  which  the  name  "  uniformities  of  co-existence  " 
is  given,  because  certain  attributes  or  elements  are  always 
found  co-existing  together,  and  from  the  presence  of  one  we 
may  always  infer  the  presence  of  the  remainder.     Such  are : 

(a)  Natural  Substances. — Thus  :  given  a  piece  of  gold  I 
can  infer  the  presence  of  a  yellow  colour,  the  property  of 
ductility,  of  high  specific  gravity,  etc. 

(b)  Natural  Kinds  or  species  such  as  are  found  in  Zoology 
and  Botany.  Thus  :  given  a  peach  I  can  infer  a  certain 
colour,  taste,  smell.  Given  a  swallow  I  can  infer  a  certain 
speed,  size  and  note. 

(c)  Groups  of  Conventional  Actions. — Thus  :  given  a  meeting 
of  the  House  of  Commons,  I  can  infer  a  speaker  or  a 
chairman,  members  of  various  political  parties,  members 
of  the  press,  etc. 

(d)  Geometrical  Properties. — Thus:  given  a  sphere,  I  can 
infer  the  presence  of  the  greatest  volume  within  a  given 
surface. 

It  may  be  possible  to  account  for  these  co-existences  in  the 
case,  at  any  rate,  of  the  first  two  classes,  but  we  do  not  rely 
on  finding  these  attributes  in  the  same  thing  because  we  can 
account  for  their  co-existence,  but  because  in  all  human 
experience  they  have  been  found  conjoined,  and  any 
exceptional  case  must  have  commanded  attention  ;  in  a 
word,  the  two  conditions  necessary  for  the  validity  of  this 
form  of  Induction  are  herein  fulfilled. 


SUMMARY  OF  CHAPTER  XL 

An  induction  which  is  based  upon  the  mere  enumeration 
of  the  instances  in  which  a  phenomenon  has  been  observed 
— called  inductio  per  cnumevationem  shnplicem — is  usually 
unreliable. 

This  form  of  hasty  generalisation  is  very  common  with 
children,  and  is  to  be  carefully  guarded  against— of  this 
nature  is 

An  Empirical  Law.— 4t  Law"  means  "uniformity,"  and 
11  Empirical "  means  "  known  by  experience,"  hence  we  deime 
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an  empirical  law  as  a  uniformity  which  we  know  by 
experience  to  exist,  but  cannot  account  for.  The  majority 
of  people  depend  almost  entirely  on  empirical  know- 
ledge, and  one  of  the  chief  aims  of  education  is  to  give 
scientific,  and  therefore  reliable,  explanation  of  the  facts 
of  experience. 

Co -existences  found  in  (a)  natural  substances,  (b)  natural 
kinds,  and  (c)  groups  of  conventional  actions  we  know 
empirically. 

Conditions  of  Validity  of  this  Form  of  Inference. — 

(a)  Human  experience  from  all  time  must  corroborate 
our  own. 

(b)  If  any  exception  existed  it  must  have  been  discovered. 


QUESTIONS  ON   CHAPTER  XL 

i.  What  do  you  understand  by  an  "  inductio  per 
enumerationem  simplicem  "  ?     Give  an  example. 

2.  Is  such  an  induction  ever  reliable  ?  If  so,  under 
what  conditions  ?  Name  any  uniformity  established  in  this 
way. 

3.  Give  some  familiar  examples  of  fal  e  Induction. 
What  kinds  of  school  exercise  are  best  calculated  to 
encourage  the  habit  of  making  a  true  use  of  the  inductive 
process  ?     (2nd  Year  Certificate,  1890.) 

4.  What  is  a  law — an  empirical  law  ?  What  is  the 
characteristic  imperfection  of  empirical  knowledge  ? 

5.  To  what  extent  is  knowledge  empirical  ?  What 
should  be  the  aim  of  education  in  this  respect  ? 

6.  How  do  I  infer  that — 

(a)  All  lead  is  of  a  dull  grey  colour ; 

(b)  No  larks  build  in  hedges ; 

(c)  In  a  church  I  shall  find  a  pulpit? 

7.  Why  is  a  single  instance  sometimes  sufficient  to 
warrant  a  universal  conclusion,  while  in  other  cases  the 
greatest  possible  number  of  concurring  instances,  without 
any  exception,  is  not  sufficient  to  warrant  such  a  conclu- 
sion ?      (Jevons.) 
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CHAPTER  XII. 

Uniformity  of  Nature. 

There  are  two  fundamental  characteristics  of  the  world 
around  us,  each  of  which  is  from  time  to  time  the  object  of 
our  reverent  attention.  Now,  it  is  the  regularity,  the 
uniformity  which  Nature  exhibits.  We  note  the  regular 
recurrence  of  phenomena  :  night  follows  day,  summer 
succeeds  spring,  black  clouds  are  the  forerunners  of  rain, 
hots  days  bring  dewy  evenings,  men  pass  through  youth  and 
age  to  death.  Again,  it  is  the  infinite  diversity  of  Nature  that 
we  must  pause  to  consider.  No  two  things  are  exactly 
alike — neither  two  leaves  nor  two  flowers,  two  birds  nor  two 
fishes,  two  dogs  nor  two  men,  nay,  not  two  successive 
glimpses  of  land  or  sea  or  sky,  nor  may  we  have  even  a 
thought  like  to  one  we  have  had  before.  This  is  the  dual 
miracle  which  Nature  presents  to  our  wondering  gaze, 
uniformity  amidst  diversity,  identity  amidst  dissimilarity, 
constancy  in  a  world  of  change. 

A  moment's  thought  will  make  it  clear  that  it  is  the 
existence  of  uniformity  which  makes  it  possible  for  us  to 
arrive  inductively  at  any  of  those  general  truths  with  which 
we  are  concerned  at  this  part  of  the  subject.  Take  the 
case  of  the  boy  and  the  levers  used  as  an  illustration  at  the 
beginning  of  Chapter  X. 

There  must  be,  amidst  all  the  individual  peculiarities  of 
the  various  crowbars  which  are  in  existence,  similarity  in 
this  one  respect,  i.e.,  they  must  all  be  capable  of  being 
employed  as  a  lever.  It  is  on  the  ground  of  this  element 
of  similarity  that  the  boy  is  able  to  conclude  that  all  crow- 
bars may  be  used  as  levers.  We  may  say,  then,  that 
Uniformity  of  Nature  makes  all  our  inductive  inferences 
possible,  or,  in  the  words  of  Mill,  "  Uniformity  of  Nature  is 
the  ground  of  all  Induction"  Now,  our  idea  of  what  is  implied 
by  the  Uniformity  of  Nature  is  sufficiently  comprehensive, 
we  may  imagine,  but  it  is  probably  also  sufficiently  vague  to 
require  clearing  up.  We  will  proceed,  then,  to  the  considera- 
tion of  the  strictly  logical  meaning  of  the  term  u  Uniformity 
of  Nature."  We  shall  do  well  first  to  examine  what  are 
called — 
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Laws  of  Nature. — For  the  idea  of  the  general  unifor- 
mity of  Nature  is  not  an  early  acquisition.  We  reach  it 
after  we  have  became  familiar  with  the  simple  uniformities 
which  our  experience  and  the  various  sciences  make  known. 
It  will  rje  well  to  follow  in  exposition  the  order  followed  in 
acquisition.  How,  then,  do  we  arrive  at  these  simpler 
uniformities.  Take  a  case.  A  boy  observes  that  every 
time  he  throws  a  stone  it  falls  to  the  ground  unless  its  flight 
be  arrested.  He  finds  that  the  cricket  ball  seeks  the  ground 
by  a  curved  path,  and  soon  the  numberless  instances  of 
things  following  the  same  law,  and  the  absence  of  any 
instance  to  the  contrary,  lead  him  by  an  inductio  per 
enumerationem  simplicem  to  the  expression  of  the  uniformity. 
All  heavy  bodies  fall  to  the  ground  if  unsupported.  At  the 
same  time  he  is  brought  into  hourly  contact  with  cases 
where,  when  a  body  is  supported,  it  produces  pressure,  e.g., 
the  clothes  he  wears,  the  books  he  carries,  etc.  He  reaches 
a  second  uniformity  :  all  bodies  at  rest  exert  pressure  on 
whatever  supports  them.  These  two  uniformities  are  in 
the  course  of  time  resolved  into  one  :  All  bodies  on  or  near 
the  earth's  surface  are  subject  to  terrestrial  gravitation. 
Now  he  has  reached  the  limits  of  his  power  of  explanation. 
If  he  be  asked  why  everything  on  the  earth  is  subject  to 
terrestrial  gravitation  he  must  answer  to  the  effect  that  this 
is  a  Law  of  Nature.  The  word  law  is  used  in  the  scientific 
sense  to  describe  any  uniformity,  and  each  science  has  its 
collection  of  laws,  e.g.,  evaporation  produces  cold,  is  a 
physical  law.  It  is  a  law  of  chemistry  that  the  same  chemical 
compound  always  contains  the  same  elements  united  to- 
gether in  the  same  proportions.  Again,  that  all  planets  move 
round  the  sun  in  an  anti-clockwise  direction,  when  viewed 
from  above  is  an  astronomical  law.  The  term  Law  of  Nature  is 
applied  to  those  uniformities  which  cannot  be  explained  by 
referring  them  to  any  wider  uniformity  ;  thus,  the  law  that 
all  bodies  near  the  earth  are  subject  to  terrestrial  gravity 
is  not  strictly  a  law  of  Nature,  because  there  is  a  wider 
uniformity  of  which  this  is  but  a  case,  i.e.,  universal 
gravitation.  This  would  be  called  a  law  of  Nature  because 
it  seems  to  be  the  outcome  of  a  "  Separate  act  of  Creative 
will,"  the  word  "law"  implying  the  "expression  of  the 
will  of  a  superior."  The  limits  of  explanation  have  for  the 
present  been  reached.     I  say   for  the  present,  because  the 
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advance  of  knowledge  results  in  the  subsuming  of  unifor- 
mities which  have  before  been  regarded  as  ultimate  under 
wider  and  wider  uniformities.  Thus  the  principle  of  the 
"  Conservation  of  Energy  "  is  perhaps  the  most  compre- 
hensive of  the  uniformities  known  to  us  ;  it  is  thus  a  law  of 
Nature.  Another  law  of  Nature  is  thus  expressed  :  "Force 
when  unresisted  produces  motion  "  ;  and  yet,  perhaps,  the 
term  Law  of  Nature  ought  not  strictly  to  be  applied  here, 
because  it  is  but  another  case  of  the  Conservation  of 
Energy.  The  point  to  be  clear  about  is,  that  what  is  at 
present  a  law  of  Nature  may  at  any  time,  by  the  advance  of 
knowledge,  become  what  is  called — 

A  Derivative  Law. — This  is  the  name  given  to  any 
uniformity  which  may  be  shown  to  result  from  simpler 
uniformities.  To  illustrate  the  difference  between  derivative 
laws  and  laws  of  Nature  I  append  the  following  table  : 


Derivative  Laws. 

Laws  of  Nature. 

I.  Winds  produce  waves. 

1.  Force       unresisted       produces 

motion. 

2.  The  elasticity  of  water  causes  an 

impulse  to  be  transmitted  from 

particle  to  particle. 

3.  The  transformation  of   energy 

from   potential   to   kinetic,  and 

from   kinetic   to   potential  con- 

tinues  until   all   the   energy  is 

dissipated. 

2.  Water  rises  to  its  own  level. 

1.  All   bodies  are   subject   to   the 

force  of  gravitation. 

2.  Force       unresisted       produces 

motion. 

3.  Liquids       transmit        pressure 

equally  in  all  directions. 

3.  The    temperature    of    the 

1.  Dry  air  is  practically  transparent 

atmosphere     falls     on     an 

to  heat  rays. 

average  1  °  F.  for  every  300 

2.  Good     conductors     are     good 

feet  of  ascent. 

radiators.      (Hence      the     heat 

arrested  by  the  aqueous  vapour 

is  soon  radiated  into  space  in  the 

rarefied  atmosphere  of  elevated 

regions.) 
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The  column  on  the  right  gives  the  laws  of  Nature  which 
are  the  origin  of  the  derivative  laws  given  on  the  left. 
It  must  be  understood  that  the  uniformities  given  in  the 
column  on  the  right  may  be  resolvable  into  wider 
uniformities,  but  they  are  general  enough  to  merit  the 
title  "  Laws  of  Nature." 

How  Uniformity  of  Nature  is  Proved. — having  seen 
how  there  are  to  be  found  in  Nature  an  indefinite  number 
of  uniformities  of  all  degrees  of  generality,  we  may  see  how, 
through  the  frequency  with  which  evidence  of  these 
uniformities  is  presented  to  us,  we  gradually  rise  to  the  grand 
generalisation  that  all  nature  is  uniform.  It  is'  thus  a 
generalisation  reached  by  an  inductio  per  enumerationcm 
simplicem ;  and,  though  this  form  of  induction  was  shown  in 
the  preceding  chapter  to  demand  too  stringent  conditions  to 
determine  its  validity,  yet  we  are  assured  they  are  fulfilled 
here.  For  no  instance  of  the  violation  of  these  established 
uniformities  has  ever  been  known,  and  it  could  scarcely  have 
occurred  without  attracting  that  general  attention  which 
would  attend  such  an  unexpected  phenomenon.  We  may 
quote  Dr.  Fowler's  interpretation  of  what  the  term 
"  Uniformity  of  Nature  "  implies:  "  Whenever  the  same  cause 
or  combination  of  causes  is  in  operation,  and  then  only,  the  same 
effect  will  invariably  follow.'''     (Inductive  Logic,  p.  6.) 

Suggestions  to  the  Teacher. — Perhaps  the  teacher  may 
be  tempted  to  doubt  the  immediate  relevancy  of  all  this  to 
the  work  he  is  engaged  upon.  Like  all  knowledge,  he  may 
say,  it  is,  of  course,  valuable,  but  there  seems  to  be  no 
particularly  close  connection  between  this  subject  and  teach- 
ing. Its  bearing  upon  education  may  appear  from  the 
following  remarks  : 

i.  Object  lessons  should  be  made  to  culminate  in,  or  at 
least  prepare  the  way  for,  one  of  these  uniformities  which 
we  have  been  discussing.  We  will  suppose  it  is  the  object 
of  the  teacher  to  explain  why  water  rises  to  its  own  level. 
I  have  seen  attempts  made  to  explain  this  very  complex  effect 
in  the  course  of  a  single  lesson  !  The  distinction  between 
derivative  laws  and  the  more  fundamental  laws  on  which 
these  depend  should  make  it  clear  that  the  explanation  of 
the  fact  that  water  rises  to  its  own  level  will  be  the  last 
lesson  of  a  series  in  which  those  three  fundamental  laws  of 
Nature   on    which    the   phenomenon    depends    have    been 
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inductively  reached  (see  above).  Any  scheme  of  object 
lessons  must  provide  that  the  explanation  of  the  Laws  of 
Nature  must  precede  the  explanation  of  phenomena  which 
are  derivative. 

2.  The  law  or  uniformity  which  is  the  subject  of  a  lesson 
must  be  the  focus  where  all  illustrations  and  experiments 
meet.  It  must  be  a  crystallisation,  so  to  speak,  of  the  whole 
lesson.  Too  much  importance  is  often  laid  on  the  successful 
manipulation  of  experiments.  The  experiments  should  lose 
themselves  in  the  uniformity  they  are  intended  to  illustrate. 

3.  The  beauty  of  uniformity  scarcely  ever  receives  the 
attention  it  demands.  No  law  of  Nature  need  fail  to  arouse 
in  children  their  wonder  and  admiration  ;  too  often,  alas  ! 
the  teacher  is  satisfied  with  the  knowledge  that  the  law  is 
understood,  he  is  careless  as  to  its  being  appreciated.  This  is, 
to  say  the  very  least,  a  very  short-sighted  policy  ;  it  over- 
looks the  power  of  wonder  and  admiration  as  aids  to 
retentivity.  But  it  does  more ;  it  fail .  to  take  account  of 
that  faculty  which,  if  carefully  cultivated,  is  so  poweful  in 
the  building  up  of  nobility  of  character — I  mean  the  aesthetic 
faculty.  There  are  so  few  lessons  which  are  formally 
devoted  to  this  end  (perhaps  the  lessons  in  drawing  and 
music  only)  that  it  is  incumbent  upon  all  teachers  to  cultivate 
the  love  of  the  beautiful  on  every  occasion  when  an 
opportunity  may  incidentally  arise.  And  what  subject  can 
be  more  fertile  in  opportunities  than  the  subject  of  Nature's 
laws  ?  The  lines  of  Wordsworth  on  the  effects  of  the  study 
of  Nature  may,  with  advantage,  be  taken  to  heart  by  the 
teacher  : 

11  Nature  never  did  betray 
The  heart  that  loved  her  ;  'tis  her  privilege, 
Through  all  the  years  of  this  our  life,  to  lead 
From  joy  to  joy  ;  for  she  can  so  inform 
The  mind  that  is  within  us,  so  impress 
With  quietness  and  beauty,  and  so  feed 
With  lofty  thoughts,  that  neither  evil  tongues, 
Rash  judgments,  nor  the  sneers  of  selfish  men, 
Nor  greetings  where  no  kindness  is,  nor  all 
The  dreary  intercourse  of  daily  life, 
Shall  e'er  prevail  against  us." 

(Lines  composed  above  Tintern  Abbey.) 

4.  Lastly,  the  cultivation  of  a  love  for  the  beauty  and 
order  that  is  in  Nature  prepares  the  way  for  an  intelligent 
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appreciation  for  that  large  part  of  our  literature — both  prose 
and  poetry — wherein  that  beauty  and  order  is  reflected. 
Such  passages,  I  mean,  as  the  following : 

"  I  curse  not  Nature,  no,  nor  death, 
For  nothing  is  that  errs  from  law." 

(Tennyson,  In  Memoriam.) 

"  Thou  (Duty)  do'st  preserve  the  stars  from  wrong, 
And  the  most  ancient  heavens,  through  thee,  are  fresh  and 
strong."  ( Wordswokth,  Ode  to  Duty.) 


SUMMARY  OF  CHAPTER  XII. 

The  Uniformity  of  Nature  is  itself  a  law,  viz.  : 
"  Whenever  the  same  cause  or  combination  of  causes  is  in 
operation,  and  then  only,  the  same  effect  will  invariably 
follow."  It  may  be  accepted  as  a  perfectly  valid  inductio 
per  enumerationem  simplicem. 

A  Law  of  Nature  is  a  uniformity  which  cannot  be 
explained  by  referring  it  to  any  wider  uniformity.  The 
word  law  is  used  because  these  uniformities  —  being 
ultimate,  i.e.,  not  further  explainable  —  seem  to  be  the 
outcome  of  a  separate  act  of  creative  will.  The  law  of 
universal  gravitation  is  a  law  of  Nature. 

A  Derivative  Law  is  any  uniformity  which  may  be 
shown  to  result  from  simpler  and  wider  uniformities.  The 
law  that  water  rises  to  its  own  level  is  derivative. 

Suggestions  to  the  Teacher  : 

i.  Whenever  it  is  possible,  laws  of  Nature  should  precede 
derivative  laws  in  a  series  of  scientific  lessons.  The  former 
are  simple  and  wide,  the  latter  are  complex  and  applicable 
to  particular  cases. 

2.  Let  object  lessons  culminate  in  a  physical  law  or 
uniformity  whenever  they  admit  of  it.  Subordinate  all 
experiments  and  other  illustrations  to  the  general  truth  it 
is  desired  to  teach. 

3.  Strive  that  laws  should  be  appreciated  as  well  as 
understood.  A  love  of  the  order  and  uniformity  which 
Nature  presents  is  one  of  the  noblest  exercises  of  the 
aesthetic  faculty. 
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4.  Indirectly,  the  mind  of  the  pupil  will  be  prepared  for 
an  understanding  and  appreciation  of  those  passages  in 
our  literature — and  they  are  many — which  reflect  this 
characteristic  of  Nature. 


QUESTIONS   ON   CHAPTER   XII. 

1.  What  do  you  understand  by  the  "uniformity  of 
Nature  "  ?  By  what  process  of  inference  is  it  established 
that  Nature  is  uniform  ? 

2.  What  is  meant  by  the  statement  that  the  uniformity 
of  Nature  is  the  "  ground  of  all  Induction"? 

3.  What  13  a  law  of  Nature  ?  Give  an  example.  Why 
is  the  word  "  law  "  used  here  ? 

4.  What  is  a  derivative  law  ?  Give  an  example,  and 
state  as  far  as  you  can  the  law  or  laws  of  Nature  on  which 
it  is  based. 

5.  In  drawing  up  a  series  of  object  lessons,  what  guidance 
is  to  be  obtained  from  the  distinction  between  laws  of 
Nature  and  derivative  laws  ? 

6.  In  a  lesson  on  the  law  that  friction  destroys  motion, 
state — 

(a)  In  what  relation  the  law  itself  should  stand  to  the 

experiments,     illustrations,     etc.,     employed     in 
expounding  it. 

(b)  Whether  you  consider  such  a  lesson  would  furnish 

any    opportunity    for    cultivating    a    love    of  the 
beautiful. 

7.  Under  what  assumption  is  the  tide-table  for,  say,  the 
Port  of  London  relied  upon  ? 
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CHAPTER    XIII. 
The  Law  of  Universal  Causation. 

Statement  and  Discussion  of  the  Law. — We*  reach 
now  the  second  of  those  all-embracing  generalities  which, 
like  the  principle  of  the  uniformity  of  Nature,  is  found  to 
hold  good  in  every  department  both  of  the  material  and 
mental  world.  This  is  the  principle  entitled  the  "  Law  of 
Universal  Causation,"  which  may  be  simply  expressed  thus: 
Every  event  has  a  cause.  This  may  appear  a  trite  saying 
and  hardly  worthy  of  the  high  sounding  title  given  to  it; 
but  a  little  consideration  may  prove  to  us  that  its  full 
import  is  not  immediately  appreciated.  For  instance,  "  it 
denies  pure  Spontaneity  of  Commencement."  (Bain.)  Some 
antecedent  condition  or  conditions  must  precede  any  event. 
In  the  next  place,  taken  in  conjunction  with  the  principle 
of  the  uniformity  of  Nature,  to  which  it  is  closely  allied,  "it 
denies  that  events  follow  one  another  irregularly,  indis- 
criminately, or  capriciously."  (Bain.)  In  the  third  place,  it 
suggests  that  every  phenomenon  of  the  present  is  linked 
with  the  phenomena  of  the  past,  as  effects  are  linked  with 
causes ;  that  the  present  condition  of  things  is  one  end  of 
an  "  iron  chain  of  causation,"  at  the  other  end  of  which 
must  have  been  the  primary  or  first  cause. 

This  far-reaching  generalisation  is,  we  see  at  once,  some- 
thing far  different  from  the  narrow  ground  on  which  we 
admit  that  the  thunder  must  follow  the  lightning  flash  and 
clouds  must  bring  the  rain.  It  is,  indeed,  a  late  acquisition 
amongst  the  truths  known  to  the  educated  man,  and  is 
probably  never  appreciated  by  the  "  plain  "  man.  The  fact 
is,  that  it  is  only  reached  in  its  fulness  when  a  philosophic 
attitude  of  mind  has  been  engendered  by  much  questioning 
of  Nature  and  long-continued  enquiry  concerning  the  effects 
of  certain  causes  and  the  causes  of  certain  effects.  It  is,  in 
fact,  a  case  of  a  valid  induct io  per  cnumerationcm  simpticem, 
and  in  this  resembles  the  principle  of  the  uniformity  of  N  ature. 

tOn   the  other   hand,  though   the  full  import  of  the   law 
mes  to  us  late,  we  find  its   truth  implicitly  assumed  by 
G2 
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children  in  the  thousand  and  one  enquiries  into  the  causes 
of  things  to  which  they  are  impelled  by  the  spirit  of 
curiosity.  Unfortunately,  we  find  that,  as  things  lose  their 
novelty,  when  increasing  years  bring  greater  familiarity, 
the  spirit  of  curiosity  gives  place  to  an  attitude  of  passivity 
towards  the  common  phenomena  of  life.  It  is  not  that  they 
are  understood  more,  but  that  they  interest  less.  It  requires 
a  comet  or  a  cyclone  or  an  earthquake  to  make  us  turn  our 
dull  eyes  to  an  intelligent  examination  of  the  world  about 
us.  Now  the  only  remedy  for  such  a  lamentable  state  of 
things  is  to  be  found  in  the  cultivation  of  that  early  spirit 
of  curiosity  by  a  logically-directed  course  of  enquiry  into 
the  causes  of  things,  so  that  ubiquitous  curiosity  may  give 
place  to  well-regulated  research.  Thus  it  may  be  said  that 
the  theory  of  causation  can  do  for  the  intellectual  side  of 
mind  what  the  theory  of  the  uniformity  of  Nature  does  for 
the  aesthetic  faculty. 

Cause  Defined. — We  shall  get  the  best  idea  of  what  is 
to  be  understood  by  a  "  cause "  if  we  examine  (a)  the 
popular  idea  of  cause,  (b)  the  scientific  view,  (c)  the  modified 
form  of  this  latter  which  it  is  necessary  to  adopt  for 
practical  purposes. 

1.  Popular  Idea  of  Cause. — I  strike  a  match  and  light  an 
oil  lamp.  Were  I  to  enquire  of  a  class  of  children  of  ages 
varying  between  twelve  and  fourteen  years  what  was  the 
cause  of  the  wick  lighting,  the  immediate  answer  would, 
in  all  probability,  be,  the  application  of  the  match.  A 
more  thoughtful  pupil  might  add  the  fact  that  there  was 
oil  in  the  lamp.  The  function  of  the  wick  in  regulating  the 
supply  of  liquid  oil  through  its  capillaries,  and  the  essential 
part  played  by  the  atmosphere,  would  both  be  overlooked. 
Yet  all  these  are  equally  essential  conditions ;  and  it  is 
characteristic  of  the  popular  view  of  cause  that  it  chooses 
one  of  these  apparently  indiscriminately,  and  states  that  this 
is  the  cause  ;  not  quite  indiscriminately  either,  for  the  striking 
of  the  match  is  the  event  which  renders  all  the  other 
conditions  operative.  However,  in  the  popular  estimate  we 
have  to  notice  that  certain  essential  conditions,  e.g.,  the 
existence  of  air,  are  omitted  when  the  cause  is  described. 
We  may  say  of  this  view  that,  though  such  a  limited  idea  of 
the  cause  may  enable  an  end  to  be  gained  in  most  cases,  yet 
we  should  be  powerless  if  one   of  the  essential  conditions 
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which  we  had  never  been  careful  enough  to  note  failed, 
e.g.,  if  the  wick  grew  too  short  to  reach  the  surface  of  the 
oil.  In  any  case,  we  ought  never  to  be  content  with  such 
a  limited  knowledge  of  a  cause  as  is  indicated  here,  and,  in 
all  probability,  we  seldom  are. 

2.  Strict  Scientific  View. — Those  who  seek  exact  knowledge 
in  order  that  they  may  regulate,  or  at  least,  if  this  is 
impossible,  anticipate  events,  demand  that  a  cause  should  be 
made  to  include  every  antecedent  element  requisite  to  the 
effect.  Thus,  negative  conditions,  e.g.,  the  absence  of  any 
violent  air-current  in  the  case  of  the  lamp.  This  would  become 
tedious  process  in  many  cases,  and  so  we  determine  on  a 

3.  Modified  view  of  Cause  which  seeks  to  avoid  the 
capriciousness  of  the  popular  view  and  the  unworkableness 
of  the  strict,  scientific  view.  A  definition  of  cause  which 
would  satisfy  the  requirements  of  a  practical  science,  such 
as  we  teachers  must  take  Logic  to  be,  is  the  following  : 
The  cause  of  an  event  is  the  "  circumstances  which  must  have 
preceded  in  order  that  the  event  may  happen  "  (Jevons),  the 
circumstances  here  being  interpreted  to  mean  those  which 
are  known  to  be  relevant,  and  those  which  are  generally 
regarded  as  of  sufficient  importance.  In  order  that  the 
teacher  may  appreciate  the  importance  of  this  discussion  I 
give  below  some  examples  of  "  facts  "  commonly  taught, 
together  with  the  causes  as  commonly  given,  side  by  side 
with  such  a  statement  of  the  causes  as  would  satisfy  the 
demands  of  practical  logic. 


Effects. 

Causes  commonly     Causes  given  in  accordance 
given.             !  with  the  demands  of  Logic. 

1.   Falling    of     a 
stone. 

Attractive    force 
of  the  earth. 

(a)  The  attraction  of  the 
earth  on  the  stone  equal  and 
opposite   to   the  attraction 
of  the  stone  on  the  earth. 

(b)  The  small  mass  of  the 
stone  compared  with  that 
of  the  earth  causes  the  effect 
on  the  stone,  i.e.,  the  fall 
to  be  marked  and  appreci- 
able, while  the  effect  on  the 
earth  is  (inappreciable. 
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Effects. 

Causes  commonly 
given. 

Causes  given  in  accordance 
with  the  demands  of  Logic. 

The  composition  of  two 
forces. 

(<i)    The    force    of    pro- 
jection. 

(b)  The   attractive    force 
excited    mutually  between 
the  earth  and  the  stone  in 
a  line  drawn  from  the  stone 
to  the  centre  of  the  earth. 

I 

2.    The        curved 
path  of  a  stone 
thrown    other- 
wise than  ver- 
tically. 

Attractive    force 
of  the  earth. 

3.  Dew. 

A   cool   evening 
succeeding    a   hot 

day. 

The  fact  that  the 
heat  of  the  sun  can- 
not  penetrate    the 
foliage. 

(</)  The  existence  of  a 
certain  amount  of  aqueous 
vapour  in  the  air. 

(b)  The  cooling  of  the 
atmosphere  down  to  01 
below  that  point  of  tem- 
perature called  the  point  of 
saturation. 

4.  The    dampness 
of   those    parts 
of  a  road  over- 
shadowed with 
trees  compared 
with    the    dry- 
ness of  the  re- 
mainder. 

(a)  Evaporation  takes 
place  slowly  where  the  sur- 
face is  not  open  to  ihe  sky. 

{b)  The  effect  of  the  suns 
rays  as  an  aid  to  evapora- 
tion is  minimised. 

5.  Sea-waves. 

The  wind. 

(a)  The  wind. 

(b)  The      elasticity      of 
water. 

(c)  The       changes        of 
energy  which  the  vibrating 
water  -  particles     undergo 
until    the    whole    of    the 
energy  is  dissipated. 

6.  The        interval        This  interval  ac- 
between        the    tually    occurs    be- 
lightning-  flash    tween      the      two 
and    the    thun      phenomena, 
der  shock. 

(a)  The  enormously  high 
velocity  of  light. 

(b)  The      comparatively 
low  velocity  of  sound. 

It  is  not,  of  course,  to  be  imagined  that  Logic  can  decide 
what  are  the  causes  of  any  effect;  that  is  the  business  of  the 
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science  to  whose  subject-matter  the  phenomenon  belongs. 
It  is,  however,  the  important  function  of  Logic  to  point  out 
the  confusion  and  inadequacy  of  thought  attendant  upon 
either  a  capricious  or  incomplete  enumeration  of  the  causes 
of  any  effect ;  and  the  teacher  cannot  fail  to  recognise  the 
importance  of  distinguishing  between  the  crude,  popular 
notion  of  the  cause  and  the  definiteness  with  which  Logic 
regards  it.  Indeed,  the  exposition  of  any  subject  around 
which  popular  misconception  clings  will  assuredly  be  clearer 
if  the  teacher  has  previously  brought  into  sharp  distinction 
the  popular  and  the  scientific  views. 

Causation  as  Conservation  of  Energy. — It  is  not 
possible  in  such  a  work  as  this  even  to  attempt  any 
explanation  of  what  is  meant  by  conservation  of  energy, 
and  I  doubt  if  the  subject  would  be  within  the  sphere  of 
Logic  even  if  space  permitted  it.  The  trained  teacher  is 
sufficiently  familiar  with  it  to  follow  what  is  said  here. 
Viewed  from  this  standpoint  every  phenomenon  is  said  to 
be  caused  by  a  change  of  energy  from  one  visible  form  to 
another,  either  kinetic  or  potential,  or  from  a  visible  to  an 
invisible  form  which  is  called  "  molecular."  :::  Thus,  the 
swinging  of  a  pendulum  is  caused  by  a  continual  transfor- 
mation of  the  visible  forms  of  energy ;  my  view  of  the  sun 
is  an  effect  due  to  the  change  of  that  particular  form  of 
molecular  energy  called  light  into  nerve  energy,  which 
gives  rise  to  the  impression  of  the  sun  in  my  mind,  through 
the  agency  of  the  organ  of  sight — the  eye.  Without 
pursuing  the  subject  further,  we  may  say  that  a  cause  may 
be  regarded  as  a  quantity  of  energy  in  some  form  or  other, 
and  an  effect  as  that  same  quantity  of  energy  in  a  different 
form  or  forms. 

*Qr  vice  versa, 
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SUMMARY   OF   CHAPTER   XIII. 

The  Law  of  Universal  Causation  is:  Every  event  has 
a  cause ;  its  full  appreciation  only  comes  as  a  late  acquisi- 
tion; it  is  implicitly  assumed  in  every  childish  enquiry  into 
the  why  and  wherefore  of  things. 

A  Cause  is 

(a)  In    the    popular    sense    the    most    prominent    event 

which  precedes  the  effect. 

(b)  In  the  logical  sense,  "the  circumstances  which  must 

have  preceded  in  order  that  the  event  may  happen." 
The  relevant  and  sufficiently  important  circum- 
stances only  are  chosen. 

Note. — A  cause  may  be  regarded  as  a  quantity  of  energy 
in  some  form  or  other,  and  an  effect  as  that  same  quantity 
of  energy  in  a  different  form  or  forms. 


QUESTIONS   ON    CHAPTER    XIII. 

i.  State  the  law  of  universal  causation.    Discuss  it  fully. 

2.  Comment  on  these  two  apparently  contradictory 
statements : 

(a)  The  law  of  universal  causation  is  appreciated  by 

few,  and  by  these   only  late  in  the  period  of  their 
intellectual  development. 

(b)  The  law  of  universal  causation   is  assumed  by  a 

child  every  time  he  enquires  why  a  thing  happens. 

3.  What  is  the  popular  idea  of  a  Cause  ?  Why  is  it 
unsatisfactory  ?     Give  examples. 

4.  Define  cause  as  it  is  to  be  understood  for  the  purposes 
of  practical  logic.  State  (a)  popularly,  (b)  scientifically,  the 
cause  of  a  rain-drop  falling  to  the  ground. 


teacher's    logic.  89 

CHAPTER    XIV. 

Observation  and  Experiment. 

It  was  established  in  Chapter  XI.  that  no  great  reliance 
was  to  be  placed  on  any  uniformity  in  the  way  of  inferring 
that  it  was  universal  until  it  was  found  to  rest  on  some  fact 
of  causation.  If  I  find  hard,  white,  crystalline  particles  in 
hundreds  in  every  handful  of  sea  sand  I  take  up  I  have  no 
sure  warrant  that  I  shall  find  them  in  the  next  handful  I 
examine  until  I  learn  that  these  round  quartz  grains  are  the 
last  remnants  of  igneous  rocks  which  air  and  water  have 
disintegrated  ;  until,  that  is,  I  know  them  to  be  effects  of  a 
known  cause.  Hence  it  is  that  the  most  important  part  of 
logical  doctrine  is  that  which  deals  with  the  discovery  of 
causes  and  effects.  Now  Nature  does  not  disclose  to  us  her 
secrets  unasked,  rather  is  she  reticent  concerning  them  ;  and 
only  by  frequent  and  assiduous  interrogation  can  we  learn 
her  ways.  To  come  to  the  point,  observation  is  the  process 
by  which  we  become  possessed  of  the  facts  of  Nature  which 
we  are  to  examine  by  the  inductive  methods  to  be  hereafter 
explained  ;  and,  if  the  data  be  inaccurate,  the  general  laws 
or  uniformities  we  arrive  at  will  be  untrustworthy.  It  is, 
consequently,  of  the  utmost  importance  that  we  should 
know  how  our  observations  may  be  made  as  nearly  perfect 
as  is  possible. 

Psychological  and  Logical  Views  of  Observation. — 
The  term  "  observation  "  suffers  from  this  ambiguity  :  it  i§, 
like  "  conception  "  and  "judgment,"  the  name,  at  once,  of  a 
process  and  the  result  of  a  process.  Viewed  as  a  mental 
process,  observation  belongs  to  psychology ;  viewed  as  a 
result,  it  belongs  to  logic.  This  is  but  a  rough  and  ready 
distinction,  for  the  two  sciences  touch  each  other,  so  to 
speak,  at  this  point  (see  page  8)  ;  but  we  shall  be  concerned 
with  observations  when  made,  not  with  the  process  of 
making  them. 

Observation  Compared  with  Experiment. — The  head- 
ing of  this  paragraph,  as  well  as  the  title  of  the  chapter, 
suggests  that  there  is  a  distinction  between  observation  and 
experiment  such  as  exists  between  different  species.     This 

>'      Of  THE 
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is  not  the  case  ;  and  a  clearer  idea  of  their  relation  is  con- 
veyed if  we  describe  them  respectively  as — 

(a)  Observation  of  things  as  we  rind  them  in  Nature. 

(b)  Observation  of  things  when  placed  in  circumstances 

which  we,  for  our  own  purposes,  create. 

Now  it  might  be  thought  that  so  arbitrary  a  proceeding  as 
is  obviously  involved  in  experiment  might  lead  to  results 
quite  different  from  those  which  we  find  in  Nature.  This  is 
so  ;  but  once  we  have  discovered  the  effect  of  a  given  cause, 
then,  even  though  we  have  made  the  discovery  under 
arbitrarily-arranged  circumstances,  we  are  certain  that  if 
the  cause  exists  in  Nature,  the  effect  will  be  there  also, 
though  it  may  be  hidden  through  the  operation  of  counter- 
acting causes  ;  and,  as  our  knowledge  of  separate  causes  and 
their  effects  increases,  we  may,  by  calculating  joint  effects, 
be  able  to  understand  the  phenomena  which  Nature  presents 
in  such  complexity. 

There  is  also  a  practical  reason  for  making  those  arbitrary 
arrangements  which  we  call  experiments.  We  not  only 
desire  to  explain  Nature,  but  we  desire  to  be  able  to  command 
the  forces  we  find  operative  in  Nature.  The  manufactures 
and  inventions  which  make  our  lives  luxurious  are  all  the 
outcome  of  experiment ;  they  arise  out  of  this  power  of 
placing  the  things  which  Nature  offers  in  circumstances 
which  we  ourselves  make.  However,  it  is  with  the  explana- 
tion of  Nature  that  we  are  concerned,  so  we  proceed  to 
inquire  how  each  of  the  two  processes  distinguished  above 
subserves  this  end. 

Observation  of  Things  as  we  find  them  in  Nature.— 

i.  First  of  all,  the  majority  of  us  have  no  other  means 
of  interrogating  Nature — at  any  rate,  so  far  as  the  greater 
portion  of  the  phenomena  she  presents  is  concerned.  The 
chemist  may  by  experiment  determine  the  exact  proportion 
of  the  constituents  of  the  atmosphere,  but  the  plain  man  is 
more  concerned  with  the  character  of  the  prevailing  winds  ; 
the  physicist  can  regulate  the  force  of  electricity  at  his  will, 
but  the  plain  man  knows  it  only  in  the  blinding  lightning 
flash. 

2.  In  the  second  place,  both  in  the  history  of  science  in 
general  and  in  the  development  of  accurate  knowledge  in 
the  individual,  observation  precedes  experiment.  The  child  has 
seen  the  effects  of  the  force  of  gravitation  long  before  he 
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sees  the   acceleration   it   produces    actually    measured,  if, 
indeed,  lie  ever  sees  it. 

3.  Thirdly,  as  a  consequence  of  its  precedence,  it  is  a 
guide  to  experiment.  The  beauties  of  the  rainbow  and  of  the 
western  clouds  at  sunset  probably  directed  the  researches 
of  Newton,  which  resulted  in  the  dispersion  of  white  light 
by  means  of  a  prism. 

4.  Fourthly,  it  supplies  most  of  the  data  of  the  astronomer 
and  the  physician. 

5.  Lastly,  as  passive  observers  of  Nature  as  we  find  her, 
we  are  more  likely  to  be  appreciative  of  her  beauty.  It  is  not 
that  the  truths  of  Nature  are  less  wonderful  wThen  they  are 
more  thoroughly  known,  but  that  the  aesthetic  sentiment 
does  not  seem  to  thrive  in  the  laboratory.  Teachers  often 
seem  to  overlook  the  fact  that  it  is  just  as  desirable  that 
their  pupils  should  love  the  works  of  Nature  as  that  they 
should  be  able  to  explain  them.  They  would  do  well  ever 
to  bear  in  mind  those  beautiful  words  of  Wordsworth  : 

"  Sweet  is  the  love  which  Nature  brings  ; 
Our  meddling  intellect 
Misshapes  the  beauteous  form  of  things  : 

We  murder  to  dissect." — The  Tables  Turned. 

Observation  under  Circumstances  arranged 
specially  for  the  Purpose. — When  we  create  special 
circumstances  for  the  obs  rvation  of  phenomena  we  are 
said  to  experiment.  The  advantages  of  observation  under 
these  conditions  are  : 

1.  We  are  able  to  isolate  the  phenomena  we  are  examining. 
When  the  complex  character  of  phenomena  as  they  are 
presented  in  "  wild  nature "  is  recalled,  the  tremendous 
advantages  of  isolation  are  apparent.  We  should  never,  for 
example,  have  been  able  to  ascertain  the  active  properties 
of  oxygen  if  we  had  not  been  able  to  isolate  it  from  the 
circumstances  in  which  it  is  found  in  Nature,  i.e.,  either 
mixed  with  other  gases  in  the  atmosphere,  or  in  chemical 
combination  with  other  elements.  The  science  of  electricity, 
again,  is  in  its  present  advanced  state  because  the  electrical 
machines  can  be  made  to  furnish  a  supply  of  electricity 
whenever  it  is  needed.  To  use  a  metaphor  of  Mill's,  it  is 
only  by  examining  the  separate  threads  that  we  are  able  to 
understand  the  web  of  Nature. 

2,  We  can  multiply  our  instances  to  any  extent  we  please, 
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A  beautiful  instance  of  this  is  furnished  by  the  researches 
into  the  physical  and  chemical  composition  of  the  sun  which 
the  spectroscope  has  made  possible.  One  of  the  most 
striking  features  of  an  eclipse  of  the  sun  is  the  appearance 
of  a  luminous  ring  coloured  red  at  the  boundary  of  the  disc. 
This  only  becomes  visible  when  the  intensely  luminous 
photosphere  is  eclipsed  ;  and  since  this  occurrence  is 
extremely  rare,  of  short  duration,  and  visible  over  but  a 
small  tract  of  the  earth's  surface,  observation  of  the 
chromosphere  was  very  seriously  curtailed.  The 
astronomers  Janssen  and  Lockyer  solved  the  difficulty  by 
devising  a  means  of  observing  it  in  full  daylight,  so  that  it 
is  now  possible  to  obtain  an  instance  of  the  phenomenon 
whenever  the  sun  shines. 

3.  We  are  able  to  vary  the  circumstances  so  as  to  examine 
a  phenomenon  under  different  conditions.    This  is  in  reality 
the  feature    of   experiment    which    distinguishes    it    most 
decisively  from  what  has  been  called  passive  observation. 
We  rely  on  it  for  that  corroboration  of  uniformities  which 
raises  them  to  the  plane  of  established  laws.     To  illustrate: 
(a)  We  find  that  a  column  of  mercury  about  30  inches 
long  balances  the  weight  of  a  column  of  air  of  the 
same  diameter  extending  from  the  level  of  the  sea 
to  the  limits  of  the  atmosphere.     We    take  the 
barometer  up  a  mountain  and  the  mercury  column 
falls  an  amount   which  varies  with  the  altitude. 
This  proves  conclusively  that  the  pressure  of  the 
mercury  is  a  measure  of  the  atmospheric  pressure. 
(/;)  We  believe  that  water  boils  when  the  tension  of  its 
vapour  is  just  sufficient   to  overcome  the  atmo- 
spheric   pressure.      By  subjecting    the    water  to 
different  pressures  we  find   that  the  greater  the 
pressure  the  greater  must  be  the  tension   (for  we 
must    raise    the  water    to  a  higher  temperature 
before  it  will  boil)    and    vice  versa.      Our    belief 
becomes  a  physical  law. 
(c)   We  are  led    by  observation  to    think  that    friction 
destroys    motion.      We    find    that    by    reducing 
friction  artificially  we  can  prolong  motion.     The 
law  is  established. 
By  varying  the  circumstances  we  are  led  also  to  new 
truths.     For  example  ; 
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(a)  By     subjecting    air    to     enormous     pressure     and 

extremely  low  temperature  it  may  be  liquefied. 

(b)  By   allowing    white   light   to     pass   through  a  glass 

prism  we  find  it  is  composite. 

(c)  By     subjecting    water    to    an    electric    current    we 

discover  that  it  is  composed  of  two  gases,  oxygen 
and  hydrogen,  and  so  on. 

The  student  may,  with  advantage,  read  the  words  of  Sir 
John  Herschel  on  the  distinction  between  observation  and 
experiment,  as  these  two  processes  we  have  been  discussing 
are     somewhat     unsatisfactorily     described.       He    says  : 
"  Essentially    they    are    much    alike,    and  differ  rather  in 
degree  than  in  kind ;  so  that  perhaps  the  terms  passive  and 
active  observation  might  better  express  their  distinction  ;   but 
it  is,  nevertheless,  highly  important  to   mark  the  different 
states  of  mind  in  enquiries  carried  on  ■  by  their  respective 
aids,   as   well   as  their    different    effects  in  promoting  the 
progress  of  science.     In  the  former,  we  sit  and  listen  to  a 
tale,  told   us,  perhaps,  obscurely,  piecemeal,  and  at  long 
intervals  of  time,  with   our  attention  more  or  less  awake. 
It    is    only  by   after    rumination  that    we   gather   its    full 
import ;  and  often,  when   the  opportunity  is  gone  by,  we 
have  to  regret  that  our  attention  was  not  more  particularly 
directed  to  some  point  which,  at  the  time,  appeared  of  little 
moment,    but    of    which     we    at    length    appreciate    the 
importance.     In   the  latter,  on   the  other  hand,  we  cross- 
examine  our  witness,  and  by  comparing  one  part  of  his 
evidence  with   the  other,   while  he   is   yet  before  us,  and 
reasoning    upon    it   in    his    presence,    are  enabled    to    put 
pointed  and  searching  questions,  the  answer  to  which  may 
at  once  enable  us  to  make  up  our   minds.     Accordingly,  it 
has  been   found  invariably,  that  in   those  departments  of 
physics  where  the  phenomena  are  beyond  our  control,  or 
into  which   experimental   enquiry,   from  other  causes,  has 
not  been  carried,  the  progress  of  knowledge  has  been  slow, 
uncertain  and  irregular  ;    while  in  such  as  admit  of  experi- 
ment, and  in  which  mankind  have  agreed  to  its  adoption,  it 
has  been  rapid,  sure  and  steady."    (Discourse  on  the  Study 
of  Natural  Philosophy.) 

Having  seen  what  passive  and  active  observation  can 
respectively  perform,  we  proceed  to  consider — 
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The  Mental  Conditions  of  Correct  Observation.   — 

Two  are  essential.     These  are  : 

i.  Absence  of  bias.  This  is  much  easier  to  state  than 
to  realise.  We  are  all  too  ready  to  think  we  see  that  which 
we  desire  to  see.  The  teacher  knows  full  well  how  easy  it 
is  to  prejudice  the  minds  of  young  children  at  any  rate,  and 
how  strong  is  the  temptation  to  do  so  when  we  desire  the 
success  of  an  experiment  ;  though  the  immediate  end  may 
be  gained,  this  is  fatal  to  one  important  aim  of  education, 
i.e.,  the  cultivation  of  a  habit  of  honest  and  impartial 
observation.  The  teacher  must  rather  insist  that  children 
record  exactly  what  they  see  "  without  fear  or  favour." 
Further,  he  had  better  leave  the  making  of  the  observation 
entirely  in  the  hands  of  his  pupils.  Thus,  in  determining 
the  laws  of  the  single  pendulum,  the  counting  of  the 
oscillations  and  the  calculating  of  the  time  should  all  be 
done  by  the  pupils  themselves. 

2.  There  must  be  some  understanding  as  to  ivhat  is  to  be 
looked  for.  This  may  be  thought  to  produce  a  disposition 
towards  bias,  but  it  need  not  be  so.  Observation  may  be 
at  once  intelligent  and  impartial.  Thus,  if  convection 
currents  in  air  are  being  illustrated  by  the  up-draught 
caused  by  a  candle  flame,  it  is  permissible  and  desirable  to 
direct  attention  to  the  shape  which  the  flame  assumes. 
Random  observation  is  as  uneconomical  as  prejudiced 
observation  is  mischievous. 


SUMMARY    OF    CHAPTER    XIV. 

Observation  does   not  differ  in  kind   from  experiment  ; 
rather  they  should  be  described  as  : 

(a)  Observation  of  things  as  we  find  them  in  Nature. 

(b)  Observation  of  things  when  placed  in  circumstances 

which  we  for  our  own  purposes  create. 
(a)  Observation — 

i.   Is  the  only  means  of  examining  Nature  which  the 
majority  of  people  possess. 

2.  It  must  precede  experiment. 

3.  It  is  frequently  a  guide  to  experiment. 

*  See  Jevons's  Principles  of  Science,  Chapter  xvm. 
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4.  Astronomy  and  some  other  sciences  must  rely  on  it 

almost  entirely. 

5.  It  fosters  the  aesthetic  sentiment,  whereas  in  experi- 

ment there  is  some  danger  of  its  destruction. 
(b)  Experiment — 

1.  Enables    us    to    isolate    the    phenomenon    we    are 

examining. 

2.  Enables  us  to  multiply  our  instances. 

3.  Enables  us  to  vary  the  circumstances,  and  thus 

(a)  To  corroborate  what  we  learn  by  observation. 

(b)  To  discover  new  truths. 

Mental  Conditions  of  Correct  Observation. 

1.  Absence  of  bias  combined  with 

2.  Intelligent  anticipation  of  what  is  to  be  expected. 


QUESTIONS   ON  CHAPTER  XIV. 

1.  Are  experiment  and  observation  distinct  processes  ?  If 
not,  show  how  they  are  related. 

2.  Show  the  propriety  of  describing  them  respectively  as 
"  active  "  and  "  passive." 

3.  Set  forth  the  reasons  for  maintaining  the  importance 
of  observation  of  things  as  we  find  them  in  Nature. 

4.  What  advantage,  if  any,  has  "passive"  observation 
over  the  "  active  "  observation  of  experiment  ? 

5.  What  are  the  particular  advantages  of  experiment  ? 

6.  Name  some  sciences  which  owe  their  present  advanced 
condition  to  experiment  ? 

7.  In  what  sciences  does  observation  unaided  by  experi- 
ment obtain  ?  Are  they  backward  accordingly  ?  If  not, 
what  process  takes  the  place  of  experiment  ? 

8.  Does  Nature  ever  perform  experiments  ?  Give  instances 
of  phenomena  which  might  thus  be  described  ? 

9.  What  mental  conditions  are  necessary  for  correct 
observation  ?  What  steps  can  you  suggest  to  avoid  possible 
error  from  personal  causes  ? 

10.  Distinguish  between  observation  and  experiment,  and 
show  how  we  may  learn  by  experiment  what  we  could  not 
learn  merely  from  observation.     (2nd  Year  Cert.,  1897.) 

11.  Explain  how  it  is  possible  to  anticipate  Nature  and 
yet  establish  all  conclusions  upon  the  results  of  experience. 
(Jevons.) 
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CHAPTER   XV. 
Methods  of  Induction. 

What  is  meant  by  Methods  of  Induction. — Now  that 
we  have  seen  how  observation  and  experiment  may  be  most 
advantageously  employed  upon  the  facts  of  Nature,  the 
question  arises  :  Is  there  any  method  or  methods  which  Logic 
directs  us  to  adopt  in  our  examination  of  the  facts  we  have 
observed,  so  that  we  may  learn  what  are  the  general  laws  of 
Nature  which  give  rise  to  the  several  phenomena  we  have 
become  familiar  with  ?  There  are  such  methods  ;  they  are 
described  by  Mill  as  the  "  Four  Methods  of  Experimental 
Inquiry  "  ;  but  he  himself  applies  them  to  cases  where  the 
source  of  information  is  experience  rather  than  actual  experi- 
ment. The  term  "  Methods  of  Induction  "  seems  to  imply 
the  wider  sense  in  which  these  methods  are  generally 
understood,  i.e.,  methods  by  which  we  may  pass  from 
particular  cases  to  general  laws.  Now,  the  general  truths 
which  are  most  valuable  to  us  are  those  which  relate  to 
causes  and  effects,  and  it  is  in  the  discovery  of  the  cause  of 
a  given  effect  or  the  effect  of  a  given  cause  that  these  methods 
are  most  commonly  employed.  They  are  thus  methods  of 
discovery ;  and  it  might  be  thought  that  their  discussion — 
useful  and  necessary  to  the  man  of  science  engaged  in 
original  research — could  not  be  of  much  practical  value  to 
the  teacher  who  is  engaged  in  explaining  well-known  truths 
rather  than  in  discovering  new  ones. 

Their  Value  to  the  Teacher. — In  the  first  place  children 
are  discoverers,  and  the  teacher  should  seek  so  to  direct 
their  journeyings  into  the  unknown  that  they  may  be 
least  likely  to  result  in  error,  and  to  inculcate  right  methods 
of  inference,  so  that  when  the  child  afterwards  comes  to 
examine  the  world  of  things  unaided  he  may  be  the  better 
equipped  for  the  purpose.  In  the  second  place,  these  methods 
are  so  suggestive  as  to  the  manner  in  which  the  Laws  of 
Nature  should  be  introduced  to  children  that  they  might 
well  be  regarded  as  methods  of  exposition. 
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Let  us  proceed  to  examine  the  first  of  them. 

The  Method  of  Agreement  — Here  are  three  cases  in 
which  the  same  effect  is  produced  under  widely  different 
circumstances  : 

i.  I  drive  a  cricket  ball  along  the  ground,  and  its 
motion  is  gradually  destroyed. 

2.  The  front  wheel  of  a  bicycle,  when  not  allowed  to 

touch  the  ground,  will  revolve  for  a  considerable 
time,  but  gradually  the  velocity  decreases  and  the 
wheel  become  motionless. 

3.  I    set   a   simple  pendulum  swinging;    the  arc  which 

the  bob  describes  gets  less  and  less,  until  finally  the 
pendulum  comes  to  rest  with  the  thread  vertical. 
Any  intelligent  man,  and  most  intelligent  boys,  could,  if 
they  were  asked,  explain  why  motion  was  destroyed  in  each 
separate  case.  They  would  say  the  resistance  of  the  ground 
stopped  the  cricket  ball ;  the  rubbing  of  the  wheel  against 
the  axle  or  bearings  stopped  the  bicycle  wheel ;  and  the  air 
gradually  put  an  end  to  the  swing  of  the  pendulum.  Nine 
individuals  out  of  ten  would  then  rest  satisfied ;  the  tenth 
might  be  led  to  think  that  seeing  that  the  same  effect  is 
produced  in  all  three  cases  probably  the  cause  also  is  the 
same.  Reflection  would  soon  make  it  clear  that  ball,  wheel, 
and  pendulum  are  all  three  subject  to  friction,  and  they  seem 
to  be  alike  in  nothing  else ;  hence,  friction  destroys  motion. 
Here  we  should  have  the  Method  of  Agreement  employed  to 
determine  the  cause  of  an  observed  effect ;  it  consists,  then, 
in  examining  the  instances  in  order  to  discover  some  point  of 
agreement  between  them  ;  if  they  are  found  to  have  but  one 
element  in  common  this  is  probably  the  cause — not  certainly, 
because,  as  we  shall  see,  there  may  be  more  than  one  cause. 
We  may  note  here  what  an  advance  in  knowledge  the  tenth 
individual  has  made.  1 1  is  not  only  that  the  particular  cases 
of  the  cricket  ball,  the  bicycle  wheel,  and  the  pendulum  are 
now  linked  together  by  the  generalisation  "friction  destroys 
motion,"  but  numbers  of  other  instances  are  at  once  under- 
stood. He  is,  as  it  were,  in  possession  of  a  key  with  which 
he  can  unlock  many  doors  previously  closed  to  him.  It  will  be 
advantageous,  before  proceeding  further,  to  examine  further 
Instances  in  which  the  Method  of  Agreement  may 
be  Employed  — I  have  arranged  the  four  instances  given 
below  in  tabular  form. 
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The  phenomenon 
found  under 
various  circum- 
stances. 


Rivers  flowirig 

to  the  east  are 
long,  those  flow- 
ing    westward 

are  short. 


Deposition 
moisture, 
formation 
dew. 


of 


The  various  circum- 
stances. 


England,      Scandi- 
navia, North  Anurica, 

S  mtli  America. 


On  grass,  on  outside 

of  a  tumbler  containing 
cold  water,  on  a  slate 
when  we  breathe  on 
it,  on  the  inside  of  the 
chimney  of  an  oil 
lamp,  &c. 


The  point  in  which 
these  various  circum- 
stances ajjree,  which 
is  the  probable  cause. 

The  distribution  of 
mountain  ranges  and 
groups  on  the  west  side 
of  the  country  or  con- 
tinent. 


The  object  on  which 
the  dew  is  deposited  is 
colder  than  the  air  with 
which  it  is  in  contact. 


The  daily  revo-  ;      Bodies  comparative-  They  are  viewed  by 

lution  of  all  the    ly  near  the  earth,  e.g.,  an     observer    who    is 

heavenly  bodies    sun  and  moon  ;  bodies  being  carried  round  the 

in    a    plane    at     infinitely  distant,  e.g.,  polar  axis  daily  by 'the 

right  angles  to     the  fixed  stars  ;  bodies  rotation  of  the  earth, 
the  polar  axis.       self-luminous  ;    bodies 
not  self-luminous,  &c. 


4.  Modification  of         Rain     drops,    trade        The  existence  of  hvo 
direction.  winds, monsoons,ocean    velocities,    one   of    the 

currents,  light  rays.         observer,  another  of  the 
thine  in  question. 

The  examination  of  these  instances  -  and  others  which  the 
student  could  readily  supply  —  will  enable  the  following  canon 
or  rule  of  this  rhet  iod  to  he  more  thoroughly  appreciated; — 

If  ik>o  or  more  instances  of  the  presence  of  the  phenomenon  in 
question  liave  only,  in  common,  one  other  circumstance,  that  circum- 
stance may  be  regarded,  with  more  or  less  probability,  as  the  cause 
[or  effect)  of  the  given  phenomenon. 

This  canon  or  rule,  is  the  formal  statement  of  the 
principle  on  winch  this  met'  od  of  induction  is  based.  The 
words,  "  or  effect,*1  in  brackets,  need  explaining".  There,  are 
two  things  common  in  each  of  the  four  instances  given  above. 
One  is  the  cause,  the  other  the  effect.  Generally,  this 
method  is  applied  to  the  finding  of  the  cause  of  a  given 
effect:  thus  the  phenomena  described  in  the  first  column  of 
the  above  table  are  all  effects,  and  the  causes  are  afterwards 
sought  by  seeing  in  what  other  circumstances  the  instances 
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agree.  But,  with  regard  to  the  first  instance,  the  fact  that 
England,  Scandinavia,  North  and  South  America  all  agree 
in  having  their  mountain  ranges  and  groups  situated  on  the 
west  side,  might  have  been  the  common  circumstance  first 
observed ;  the  other  common  circumstance,  i.e.,  the  long 
rivers  flowing  eastward  and  the  short  ones  westward  might 
have  been  discovered  in  consequence  of  the  observance  of 
the  former.  In  that  case  the  induction  would  have  been 
from  cause  to  effect.  Usually,  however,  the  method  of 
Agreement  is  employed  to  reach  cause  from  effect. 
Remarks  on  this  Method  : 

1.  It  cannot  give  certain  knowledge.     The  statement 

of  the  rule  or  canon  given  above  implies  that  we 
can  never  attain  to  anything  more  than  a  high  ' 
degree  of  probability  that  a  certain  effect  is   pro- 
duced by  a  certain  cause. 

2.  It  is  subject  to   what  Mill  calls   a  "  characteristic 

imperfection,"  i.e.,  it  is  rendered  untrustworthy  by 
the  Plurality  of  Causes.  This  phrase  implies  that, 
after  all,  the  one  point  of  agreement  may  not  be  the 
cause,  since  a  single  effect  may  be  due  to  various 
causes,  e.g.,  heat  may  be  produced  by  friction,  by 
chemical  action,  by  electricity. 

3.  It  is  essentially  the   Method   of   Observation.     It  is 

hence  specially  applicable  to  many  physical 
phenomena  where  experiment  is  impossible. 
Thus  the  erosive  power  of  running  water  is  a 
"  fact  of  causation  "  which  the  bed  of  every  gully, 
streamlet,  and  river  teaches. 

4.  It  is  always  to  be  supplemented  by  a  deductive  exam- 

ination of  the  effects  which  the  supposed  cause 
leads  to. 
3.  It  is  usually  employed  to  determine  the  cause  of  a 
given  effect. 


: 


SUMMARY   OF    CHAPTER   XV. 

The  Methods  of  Induction  were  named  by  their  framer, 
Mill,  "  methods  of  experimental  enquiry."  He  adapts 
them  himself  to  experience  unaided  by  experiment ;  hence 

better  term  is  "  methods  of  experiential  enquiry."     Since 
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they  lead  to  general  truths  they  are  frequently  and  appro- 
priately called  "  methods  of  induction." 

They  are  mainly  employed  in  determining  either  the 
cause  of  a  given  effect  or  the  effect  of  a  given  cause. 

They  are  important  to  the  teacher  because — 

(a)  He  should  inculcate  trustworthy  methods   of   in- 

ference so  that  his  pupils  may  generalise  on  sure 
grounds. 

(b)  They  furnish  many  useful  suggestions  as  to  methods 

of  exposition. 

Method  of  Agreement. — Its  principle  is  stated  in  the 
canon  : 

"  If  two  or  more  instances  of  the  presence  of  the  phenome- 
non in  question  have  only,  in  common,  one  other  circum- 
stance, that  circumstance  may  be  regarded,  with  more  or 
less  probability,  as  the  cause  (or  effect)  of  the  phenomenon." 

Remarks : 

i.  It  cannot  give  certain  knowledge,  only  greater  or  less 
probability. 

2.  Its  characteristic  imperfection  is  the  plurality  of  causes. 

3.  It  is  essentially  the  method  of  observation. 

4.  It  must  be  supplemented  by  a  deductive  test. 

5.  It  is  usually  employed  to  determine  causes. 


QUESTIONS   ON   CHAPTER  XV. 

1.  What  is  meant  by  "  Methods  of  Induction  "  ?     Why 
should  the  teacher  pay  particular  attention  to  them  ? 

2.  Give  an  instance  in  which  the  Method  of  Agreement 
is  employed  to  determine  the  cause  of  an  observed  effect. 

3.  State  in  your  own  words  the  canon   or  rule  of  this 
method. 

4.  Show  how  it  could  be  applied  to  furnish  a  high  degree 
of  probability  that  the  earth  rotates  on  its  axis. 

5.  What  imperfection  is  it  subject  to  ? 

6.  What  do  you  understand  by  Plurality  of  Causes  ?    Give 
two  instances  of  effects  which  may  be  due  to  various  causes. 

7.  Is  it  commonly  employed  in  every-day  inferences  ?     If 
so,  state  why. 
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CHAPTER    XVI. 

Methods  of  Induction  {continued). 

Method  of  Difference.— I  am  sitting  on  a  rock  at  the 
foot  of  a  cliff,  looking  out  to  sea.  I  notice  that  for  some 
distance  from  the  shore  the  surface  is  perfectly  smooth;  but 
at  a  certain  point  ripples  disturb  the  surface,  and  may  be 
seen  as  far  as  the  eye  can  reach.  Desiring  to  account  for 
this  marked  difference,  I  ask  myself:  What  force  is  opera- 
tive out  there  which  is  absent  in  shore  ?  What  circumstance 
is  present  there  and  absent  here  ?  I  soon  conclude  that  a 
wind  is  blowing  off  the  shore  and  the  cliff  behind  me 
protects  the  surface  for  some  distance.  This  illustrates  the 
way  in  which  the  method  of  difference  may  be  employed  to 
connect  a  cause  with  an  effect.  The  essential  feature  of 
this  method  is  the  determination  of  the  effect  of  a  single 
point  of  difference  between  two  sets  of  circumstances  alike  in 
other  respects.  The  advantage  of  this  method  lies  in  the 
fact  that,  in  very  many  cases,  there  is  no  need  to  wait  until 
Nature  supplies  us  with  an  illustrative  instance  such  as  the 
one  given  ;  we  may  ourselves  introduce  the  new  circumstance 
and  observe  the  effect.  Thus,  by  means  of  a  pair  of  bellows 
and  a  bath,  or  even  in  the  saucer  of  a  teacup,  I  can 
reproduce  in  miniature  what  was  done  by  Nature  on  so 
large  a  scale.  This  is  the  chief  experimental  method  of 
determining  the  effect  of  a  cause.  We  will  proceed,  as  in 
the  case  of  the  method  of  agreement,  to  examine  more 

Instances  in  which  the  Method  of  Difference  is 
Employed  : 
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The 

phenomenoi 
being 

observed. 


Two  sets  of  instances  in  one  of 

which  the  phenomenon  is  present, 

and  in  the  other  absent. 


Phenomenon 

present. 


T  h  e  The  bell 
sounding  under  the  re- 
of  a  bell.  !  ceiver  of  an  air- 
pump,  but  air 
not  exhausted. 


The  rais- 
ing of  a 
weight 
by  means 
of  a  lever. 


The  force 
properly  applied 
with  the  aid  of 
i  fulcrum. 


The  at-  I 
traction 
of  a  pith 
ball  by 
means  of 
a  glass 
rod. 


4.  Forma- 
tion of 
dew. 


Moist  air, 
cooling,  in  con- 
tact with  cold 
surface  of  a 
grass  field  on  a 
clear  night. 


Phenomenon 
absent. 


Bell  under 
receiver  of  air- 
pump,  and  air 
exhausted. 


The  circum- 
stances present    ! 
when  the  phe- 
nomenon is  present 
and  absent  when 
it  is  absent,  i.e., 
the  Cause  or  a 
Necessary  Part  of 
the  Cause. 


Air. 


Every  requi- 
site except  the 
fulcrum. 


A  fulcrum. 


The  glass  rod  ; 
is  rubbed  with  a 
silk  cloth  before 
being  used. 


The  glass  rod 

not  rubbed. 


Friction. 


All  circum- 
stances the  same 
except  that  the 
sky  is  cloudy. 


A  clear  sky. 


The  student  can  add  to  the  number  of  such  instances 
taken  from  science  and  the  experience  of  everyday  life,  for 
it  is  the  method  of  inference  which  is  most  commonly 
employed.  I  proceed  to  state  the  canon  of  the  method  of 
difference:  If  an  instance  in  which  the  phenomenon  under 
investigation  occurs  and  an  instance  in  -which  it  does  not  occur  havi 
every  circumstance  in  common  save  one,  that  one  occurring  only  in 
the  former  :   the  circumstance  in  which  alone  the  two  instances  d\ 
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is  the  effect  or  cause, ov  a  necessary  part  of  the  cause  of  the  phenomenon. 

Remarks  on  this  Method  : 

i.  If  care  be  taken  that  only  one  point  of  difference 
distinguishes  the  two  instances  this  method  gives  certain 
knowledge.  It  decides  conclusively  what  is  the  effect  of  a 
given  cause  or  what  is  the  cause  of  a  given  effect. 

2.  It  is  subject  to  no  characteristic  imperfection  in  the 
way  that  the  method  of  agreement  is  limited  by  the 
Plurality  of  Causes. 

3.  It  is  essentially  the  method  of  experiment.  "  Its  utility 
mainly  depends  on  the  precaution  of  only  varying  one 
circumstance  at  a  time,  all  the  other  circumstances  being 
maintained  just  as  they  were."     (Jevons.) 

4.  It  is  usually  employed  to  determine  the  effect  of  a 
given  cause.  1 

The  Joint  Method  of  Agreement  and  Difference.— 
We  have  seen  that  the  method  of  difference  depends  on  only 
varying  one  circumstance  at  a  time.  When  this  is  impossible 
we  have  to  depend  on  the  method  of  agreement.  The 
imperfections  which  we  found  were  incident  to  the  latter 
method  may  be  minimised  by  a  method  which  the  following 
example,  taken  from  Fowler's  "  Inductive  Logic,"  will 
illustrate:  "  If  when  I  take  a  particular  kind  of  food  I  find 
that  I  invariably  suffer  from  some  particular  form  of  illness, 
whereas  when  I  leave  it  off  I  cease  to  suffer,  I  entertain  a 
double  assurance  that  the  food  is  the  cause  of  my  illness." 
Now  it  might  be  said  that  this  surely  is  a  case  for  the  method 
of  difference.  There  is  only  one  point  of  difference,  i.e.,  the 
taking  of  the  food  and  the  leaving  it  off  in  the  two 
circumstances.  But  this  is  exactly  the  point  we  cannot  be 
sure  about.  The  human  body  is  so  complex  that  we  cannot 
say  that  only  one  circumstance  has  been  varied.  What  we 
can  say  with  certainty  is  — 

(a)  The  presence  of  the  food   is  always  marked  by  the 

presence  of  illness. 
(I>)  The  absence  of  the  food  is  always  marked  by  the 
absence  of  the  illness.  This  is  called  the  Joint 
Method  of  Agreement  and  Difference.  The  canon 
of  this  method  is  as  follows  :  If  two  or  more  instances 
of  the  presence  of  the  phenomenon  in  question  have  only  in 
common  the  presence  oj  one  other  circumstance,  while  two 
or  more  instances  of  the  absence  of  the  phenomenon  liarc 
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in  common  the  absence  of  that  circumstance  only     that 
circumstance   in   which  alone   the   two  sets  of  instances 
diffeY,  is  the  effect  or  the  cause,  or  a  necessary  part  of 
the  cause  of  the  phenomenon. 
Remarks  on  this   Method  : 

i.  It  is  really  a  double  application  of  the  method  of 
agreement — first  to  positive,  next  to  negative  cases. 

2.  It  is  sometimes  called  the  Indirect  Method  of  Differ- 
ence because  the  negative  instances  are  not  got  directly  by 
experiment. 

3.  It  compares  two  sets  cf  instances,  while  the  method  of 
difference  compares  two  instances. 

4.  It  is  corrobative  of  a  conclusion  reached  by  the 
method  of  agreement  only. 

5.  It  is  not  affected  by  the  plurality  of  causes,  for  were  it 
so  affected  some  of  the  negative  instances  would  show  this. 

Suggestions  to  Teachers  : 

1.  Observation  without  experiment  must  of  necessity  be 
the  main  source  of  our  knowledge  ;  therefore  it  behoves 
the  teacher  to  be  ever  mindful  both  of  the  value  of  and  the 
limitation  to  the  method  of  agreement  and  the  joint  method. 
He  should  encourage  his  children — 

(a)  To  be  on  the  alert  whenever  they  find  a  phenomenon 

occurring  under  diverse  circumstances,  so  that  by 
careful  examination  of  the  antecedents  they  may 
discover  some  common  circumstance  which  is  the 
probable  cause. 

(b)  To   be  wary  of  putting  too   much   trust   in   a  cause 

discovered  by  this  method  until  it  has  been  tried  byv 
the  method  of  Difference,  or  its  action  explained 
deductively  in  a  manner  that  will  be  considered 
later. 

2.  The  following  suggestions  as  to  the  exposition  of  an 
elementary  or  advanced  science  lesson  arise  out  of  the 
preceding  discussion  : 

(a)  Present  to  the  pupils  instances  in  which  the 
phenomenon  to  be  explained  is  found,  e.g.,  if  the 
effect  of  the  distribution  of  the  mountains  of  a 
country  on  the  direction  of  the  rivers  is  the  subject 
of  the  lesson,  show  on  a  map  of  the  world  the 
countries  of  England  and  Scandinavia  and  the 
Continents  of  North  and  South  America.     Direct 
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the  observation  of  the  pupils  to  the  directions 
which  the  rivers  take. 

(b)  Apply  the  Method  of  Agreement.      Seek  the  other 

common  circumstance.  Thus,  lead  the  children 
to  observe  that  all  the  countries  in  question  have 
their  mountains  situated  in  the  West.  This  is  the 
probable  cause. 

(c)  Apply    the   Joint   Method.     Show  that  every    other 

country  which  has  a  different  arrangement  of  its 
mountain  systems  has  its  rivers  taking  different 
courses.  The  cause  assumed  has  now  stronger 
warrant. 

(d)  Apply   the   Method  of   Difference.     Make  two  clay 

models  of  watersheds — one  situated   on  the  west 

side  and  another  not,  say  on  the  east.     Pour  water 

over  these,  and  note  that   in   the  former  case  the 

longer  channels  are  on  the  east  side ;  in  the  latter 

case  vice  versa.     The  causal   connection   between 

the  situation  of  the  watershed  and  the  direction  of 

the  rivers  is  now  certain. 

3.    In    applying    the    method    of   difference,    exhibit,    if 

possible,  the  instance  in  which   the  phenomenon  is  present 

side  by  side  with  the  instance  in  which  it  is  absent.     Thus, 

to  show  how  water  rises  by  capillary  attraction  in  narrow 

tubes,  place   side   by   side  with  the   tube   of  fine   bore  up 

which  the  water  rises  one  of  wider  bore  where  no  rise  is 

observable.     Let  the  tubes  be  of  the  same  length  and  of  the 

same  material,  dipping  into  the   same  vessel  of  water,  and 

the  point  of  difference,  i.e.,  the  narrowness  of  the  bore  of  one 

becomes  very  prominent. 

SUMMARY  OF  CHAPTER  XVI. 

The  Method  of  Difference — Its  canon  is : 

"  If  an  instance  in  which  the  phenomenon  under  investi- 
gation occurs,  and  an  instance  in  which  it  does  not  occur, 
have  every  circumstance  in  common  save  one,  that  one 
occurring  only  in  the  former ;  the  circumstance  in  which 
alone  the  two  instances  differ  is  the  effect  or  cause,  or  a 
necessary  part  of  the  cause  of  the  phenomenon." 

Remarks : 

1.  If  only  one  point  of  difference  distinguishes  the  two 
instances  this  method  gives  certain  knowledge. 
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2.  It  is  subject  to  no  imperfection  like  the  plurality  of 
causes. 

3.  It  is  essentially  the  method  of  experiment.  Its  utility 
depends  on  varying  only  one  circumstance  at  a  time. 

4.  It  is  usually  employed  to  determine  the  effect  of  a 
given  cause. 

Joint  Method  of  Agreement  and  Difference. 
Canon  :  "If  two  or  more  instances  of  the  presence  of  the 
phenomenon  in  question  have  only  in  common  the  presence 
of  one  other  circumstance,  while  two  or  more  instances  of 
the  absence  of  the  phenomenon  have  in  common  the 
absence  of  that  circumstance  only — that  circumstance  in 
which  alone  the  two  sets  of  instances  differ,  is  the  effect,  the 
cause,  or  a  necessary  part  of  the  cause  of  the  phenomenon." 

Remarks  : 

1.  It  is  really  a  double  application  of  the  method  of 
agreement,  first  to  positive,  next  to  negative  cases. 

2.  It  is  called,  sometimes,  the  indirect  method  of  difference 
because  the  negative  instances  are  not  got  directly  by 
experiment. 

3.  It  compares  two  sets  of  instances — the  method  of 
difference  compares  two  instances. 

4.  It  is  corroborative  of  a  conclusion  reached  by  the 
method  of  agreement  only. 

5.  It  is  not  affected  by  the  plurality  of  causes,  or  the 
negative  instances  would  show  this. 

Suggestions.  — (See  chapter  itself.) 


QUESTIONS   ON  CHAPTER  XVI. 

1.  Give  in  your  own  words  the  canon  of  the  method  of 
difference. 

2.  In  what  respects  is  this  method  superior  to  the  method 
of  agreement  ? 

3.  What  do  you  understand  by  the  Joint  Method? 

4.  In  what  respects  is  it  like  the  method  of  agreement, 
and  in  what  does  it  resemble  the  method  of  difference  ? 

5.  Draw  up  notes  of  a  lesson  on  Dew,  and  show  therein 
what  inductive  methods  you  would  follow. 

6.  Show  how  the  method  of  agreement  and  the  method 
of  difference  might  advantageously  be  employed  in  a  lesson 
on  ratio. 
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CHAPTER    XVII. 

Methods    of    Induction     {continued). 

The  three  methods  of  induction  already  examined  enable 
us  to  determine  whether  or  no  two  events  are  connected  as 
cause  and  effect ;  they  do  not  tell  us  how  much  of  any  effect 
is  due  to  a  certain  cause ;  they  are  not  quantitative.  Now 
most  of  the  effects  which  Nature  exhibits  to  us  are  of  a 
complex  character.  Consider  the  apparent  motion  of  the 
sun.  It  is  moving  in  a  plane  at  right-angles  to  the  earth's 
axis,  completing  a  revolution  once  every  day  ;  it  is  changing 
its  position  relative  to  the  fixed  stars  more  slowly — making 
a  complete  journey  round  the  ecliptic  once  a  year  ;  every 
day  also,  in  consequence  of  this  latter  movement,  combined 
with  the  fact  of  the  obliquity  of  the  ecliptic,  it  is  changing 
its  altitude  at  mid-day ;  there  are  other  minute  changes  the 
effects  of  which  are  only  revealed  after  centuries  of  time,  e.g., 
those  due  to  precession  and  nutation  ;  others  again  of  which 
the  sailor  must  take  careful  note,  though  to  the  ordinary 
observer  they  are  unimportant,  e.g.,  the  effects  of  the  refrac- 
tion of  light  in  passing  through  the  earth's  atmosphere.  It 
is  obvious  that  the  methods  we  have  examined  are  powerless 
to  explain  so  complex  an  effect  as  this.  In  such  cases  we 
must  have  recourse  to  the 

Method  of  Residues. — We  shall  gather  the  general 
principle  of  this  method  from  the  following  case  in  which 
it  is  employed. 

I  am  examining  the  planet  Venus  through  a  telescope.  I 
observe  that  she  presents  a  half  disc  to  view,  and  that  she  is 
about  2 50  aboVe  the  western  horizon.  From  my  knowledge 
of  the  inferior  planets  and  their  position  and  movement,  I 
can  account  for  these  appearances.  They  are  effects  of 
known  causes.  But  suddenly  my  attention  is  drawn  to  a 
coloured  fringe  surrounding  the  half  disc.  I  try  to  account 
for  it  by  means  of  causes  I  am  familiar  with,  but  fail.  I 
make  enquiry  and  discover  it  to  be  an  effect  of  the  lens 
of  the  telescope. 

The  method  1  adopt  consists,  then,  in  putting  aside 
those  causes  whose   effects   I    know  and  making  a  search 
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for  some  cause  which  I  had  overlooked  or  been  unaware  of 
in  order  to  explain  the  residual  phenomenon — in  this  case 
the  coloured  fringe.  It  is  because  the  known  causes  and 
effects  are  subtracted  and  the  cause  of  the  vesidual  effects 
sought  amongst  the  conditions  which  had  been  overlooked 
that  the  name  "  Method  of  Residues "  is  given  to  this 
process.     The  following  are 

Instances  in  which  the  Method  of  Residues  is 
employed  : 

i.  The  height  of  the  barometric  column  is  determined  by 
the  pressure  of  the  atmosphere.  There  is,  however,  a  frac- 
tion of  the  whole  height  which  is  due  to  the  expansion  of  the 
mercury  through  heat,  and  not  to  atmospheric  pressure. 
This  residual  effect  would  cause  error  if  we  were  to  compare 
the  barometric  pressure  of  the  atmosphere  at  two  places 
without  making  allowance  for  it.  All  corrections  of  instru- 
ments have  been  determined  by  the  method  of  residues. 

2.  The  discovery  of  Neptune  is  a  remarkable  instance  of 
the  application  of  this  method.  The  planet  Uranus  was 
found  to  be  subject  to  certain  variations  in  the  form  of  the 
orbit  which  it  described ;  these  perturbations,  as  they  are 
called,  could  not  be  explained  by  the  known  attractions  of 
J  upiter,  Saturn,  etc.,  and  two  astronomers — Professor  Adams 
in  England  and  Le  Yerrier  in  France — came  to  the  conclu- 
sion that  this  residual  effect  must  be  due  to  the  attraction  of 
some  planet  hitherto  unknown,  and  proceeded  to  calculate 
its  position  and  magnitude.  The  result  of  their  labours  was 
the  discovery  of  Neptune. 

3.  Newton  calculated  that  the  velocity  of  sound  in  air  at 

(o  deg.  C.  ought  to  be  916  feet  a  second.  The  velocity, 
experimentally  determined,  was  found  to  be  nearly  1,200  feet 
per  second.  The  residual  velocity  remained  for  a  long  time 
unaccounted  for  until  the  French  mathematician,  La  Place, 
explained  that  one  of  the  causes  of  the  velocity  of  a  sound 
wave  had  been  overlooked,  i.e.,  the  changes  in  temperature 
which  the  air  undergoes,  which  are  due  to  the  passage  of  the 
wave  itself. 

4.  "  Almost  all  the  greatest  discoveries  in  astronomy  have 
resulted  from  the  consideration  of  what  we  have  elsewhere 
termed  residual  phenomena,  of  a  quantitative  or  numerical 
kind — that  is  to  say,  of  such  portions  of  the  numerical  or 
quantitative  results  of  observation  as  remain  outstanding  and 
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unaccounted  for,  after  subducting  and  allowing  for  a'l  that 
would  result  from  the  strict  application  of  known  principles. 
It  was  thus  that  the  grand  discovery  of  th^  precession  of 
the  equinoxes  resulted,  as  a  residual  phenomenon,  frorrT'the 
imperfect  explanation  of  the  return  of  the  seasons  by  the 
return  of  the  sun  to  the  same  apparent  place  amongst  the 
fixed  stars.  Thus,  also,  aberration  and  nutation  resulted  as 
residual  phenomena  from  that  -portion  of  the  changes  of  the 
apparent  places  of  the  fixed  stars  which  are  left  unaccounted 
for  by  precession.  And  thus  again  the  apparent  proper 
motions  of  the  stars  are  the  observed  residues  of  their 
apparent  movements,  outstanding  and  unaccounted  for  by 
strict  calculation  of  the  effect  of  precession,  nutation,  and 
aberration."     (Herschel's  "  Outlines  of  Astronomy.") 

The  student  will  now  appreciate  the  following  canon  : 
Subtract  from  any  phenomenon  such  part  as  is  already  known  to 
be  the  effect  of  certain  antecedents;  then  the  residue  of  the 
phenomenon  is  the  effect  of  the  remaining  antecedents. 

Remarks  on  this  Method  : 

i.  It  is  applicable  in  cases  where  there  has  been  the 
combined  operation  of  various  causes,  all  producing  what 
are  called  homogeneous  effects.  Thus  aberration,  precession, 
and  nutation  are  homogeneous  effects,  all  being  displace- 
ments, or  apparent  displacements,  of  the  heavenly  bodies. 
If  two  or  more  causes  combine  to  produce  heterogeneous 
effects,  i.e.,  those  in  wmich  the  effect  of  each  cause  cannot  be 
traced  separately,  this  method  does  not  apply.  The  method 
of  difference  must  then  be  employed. 

2.  This  method  is  a  modification  of  the  method  of  differ- 
ence. Instead,  however,  of  introducing  a  new  circumstance 
and  observing  its  effects,  we  subtract  the  combined  effect 
of  known  causes  and  examine  the  residual  effect.  We  thus 
produce  the  negative  instance  by  calculating  the  effects  of 
the  known  cause  ;  and  this  is  a  deductive  procedure. 

3.  Consequently  it  is  largely  employed  in  a  science  like 
astronomy,  where  the  effects  of  known  causes  can  be 
accurately  calculated  by  the  deductive  method,  and  any 
residual  phenomenon  is  most  likely  to  be  observed. 

4.  It  is  most  fertile  in  unexpected  results.  Thus  the  new 
element  of  the  atmosphere"  Krypton  "  was  discovered  as  a 
residual  phenomenon  when  all  the  known  constituents  of 
air  had  been  subtracted, 
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Method  of  Concomitant  Variation. — We  will  in  this 
case,  as  in  the  others,  endeavour  to  grasp  the  principle  of 
the  method  from  an  instance  in  which  it  is  employed.  I 
am  standing,  we  will  suppose,  on  a  platform  of  a  station 
through  which  trains  are  frequently  passing  without  a  stop. 
I  notice  that  the  note  emitted  by  the  whistle  of  the  engines 
as  they  approach  invariably  rises  in  pitch ;  and  as  they  recede 
the  note  invariably  falls  in  pitch.  This  happens  in  the 
case  of  every  train  that  passes  through,  as  the  regulations 
direct  that  each  driver  must  give  warning  of  the  approach 
of  the  train  by  means  of  the  whistle.  I  am  led  to  the  con- 
clusion that  the  rise  in  pitch  is  due  to  the  approach  of  the 
train,  and  the  fall  is  due  to  its  receding.  The  principle  on 
which  my  inference  is  based  is  evidently  this — variation  in 
certain  conditions  is  always  accompanied  by  a  definite 
variation  in  effect ;  thus  continuous  diminution  of  distance  is 
always  accompanied  by  continuous  vise  in  pitch,  while 
continuous  increase  in  distance  is  always  accompanied  by 
continuous /<?//  in  pitch.  The  variations  go  on  together,  i.e., 
are  concomitant,  and  on  this  ground  I  infer  a  relation  of 
catise  and  effect.     Here  are  other  examples  of 

Instances  to  which  the  Method  of  Concomitant 
Variation  is  applied  : 

i.  As  the  air  in  the  receiver  of  an  air  pump  is  gradually 
exhausted,  the  sound  of  a  bell  which  was  set  ringing  under- 
neath the  receiver  gradually  diminishes.  As  the  air  is 
allowed  gradually  to  re-enter  the  receiver  the  sound  of  the 
bell  increases  in  intensity.  The  inference  to  be  drawn  is 
that  air  is  necessary  to  (*.*.,  is  a  cause  of)  the  transmission 
of  sound. 

2.  It  is  found  that  when  we  ascend  from  the  sea-level  to 
any  considerable  height  the  barometric  column  of  mercury 
falls — the  rate  of  fall  being  one  inch  for  every  900  feet  for 
small  elevations.  It  is  inferred  that  the  depth  of  the  atmo- 
sphere, to  the  weight  of  which  the  mercury  column  corre- 
sponds, is  causally  connected  with  the  height  of  the  column. 

3.  The  temperature  of  the  air  is  found  to  fall  about 
1  deg.  F.  for,  roughly,  every  300  feet  of  ascent.  We  infer 
that  the  temperature  of  the  air  of  any  place  is  affected  by 
its  altitude  above  the  sea-level,  amongst  other  things. 

4.  The  periods  of  the  tides  are  the  periods  of  the  heavenly 
bodies    producing  them.     Thus,    fortnightly    spring    tides 
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occur  when  the  sun  and  moon  are  either  in  conjunction  or 
opposition  ;  Fortnightly  neap  tides  occur  when  the  moon 
is  in  one  of  its  quarters;  when,  that  is,  its  elongation 
(angular  separation  from  the  sun)  is  either  90  or  270  deg. 
Between  the  spring  and  the  neap  tides  there  is  a  continual 
rise  and  fall  corresponding  to  a  concomitant  variation  in 
the  relative  positions  of  sun  and  moon.  We  infer  that 
the  tides  are  due  to  these  bodies. 

5.  We  learn  from  instances  which  every-day  life  affords, 
as  well  as  from  actual  experiment,  that  whenever  friction  is 
diminished  a  moving  body  will  continue  in  motion  for  a 
longer  time.  We  are  familiar  with  every  degree  of  motion, 
from  that  which  is  immediately  destroyed  by  friction,  e.g., 
the  driving  in  of  a  nail,  to  that  which  is  perpetual,  e.g.,  the 
motion  of  the  planets.  There  is  a  well-marked  concomit- 
ance between  friction  and  destruction  of  motion,  and  we 
cannot  fail  to  infer  their  causal  connection. 

We  may  now  proceed  to  state  the  canon  of  this  method  : 
Whatever  phenomenon  varies  in  any  manner  whenever  another 
phenomenon  varies  in  some  particular  manner,  is  either  a  cause  or 
an  effect  of  that  phenomenon,  or  is  connected  with  it  through  some 
fact  of  causation. 

Remarks  on  this  Method  : 

1.  Like  the  method  of  lesidues,  it  is  another  form  of  the 
Method  of  Difference  and  partakes  of  its  cogency.  Intro- 
ducing different  degrees  of  a  cause  and  noting  different 
degrees  of  an  effect  is  evidently  identical  in  principle  with  the 
introduction  of  a  new  circumstance  which  was  before  absent. 

2.  This  method  not  only  establishes  a  causal  relation 
between  two  phenomena,  but  establishes  the  nature  or  law 
of  their  relation  ;  whether,  for  example,  the  effect  varies 
directly  or  inversely  with  the  cause. 

3.  Thus  it  is  often  employed  after  the  method  of  difference 
has  discovered  a  causal  relation  between  two  phenomena  to 
determine  the  quantitative  law  of  their  variation.  Examples 
of  this  use  of  the  method  appear  above. 

4.  It  is  most  advantageously  employed  in  cases  where 
the  universal  presence  of  a  phenomenon  makes  its  isolation 
— that  the  method  of  difference  may  be  employed — im- 
possible. Thus  the  earth's  gravitational  force  has  to  be 
determined  by  this  method, 
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An  Illustration  of  the  Manner  in  which  these 
Methods  may  direct  Exposition.  It  has  already  been 
stated  that  the  methods  of  induction,  though  they  are 
primarily  methods  of  discovery,  may  often  advantageously 
be  employed  as  methods  of  exposition.  Let  us  apply  some 
of  the  methods  we  have  been  considering  to  the  difficult 
subject  of  Nutation.  The  order  suggested  by  these  methods 
would  be  as  follows  : 

i.  The  teacher  would  begin  by  calling  attention  to  the 
periodic  changes  in  declination  to  which  the  heavenly 
bodies  are,  from  various  causes,  subject.  He  considers 
two  causes : 

(a)  Precession,    producing    a    slow  change  by    which  a 

star's  declination  is  altered  by  47  deg.  in  about 
26,000  years. 

(b)  Aberration,    producing   a   change  small    in    amount 

— never  much  more  than  half  a  minute  of  arc — 

but  occurring  annually. 
If  now,  he  goes  on  to  say,  a  star  be  carefully  observed 
for,  say,  ten  years,  the  observer  will  have  seen  ten  series  of 
changes  due  to  aberration,  and  a  further  change  which  is 
the  ten  years'  work  of  precession.  But  he  will  have  seen 
move.  He  will  have  been  puzzled  perhaps  by  the  fact  that 
the  star  exhibits  yet  a  third  change  which  the  two  preceding 
causes  are  insufficient  to  account  for.  He  has  discovered 
a  residual  phenomenon. 

2.  The  observer,  the  teacher  goes  on  to  explain,  examines 
other  stars,  and  finds  them  subject  to  the  same  changes  — 
the  same  that  is  in  amount  and  period.  Employing  the 
Method  of  Agreement,  he  proceeds  to  suggest  a  common 
cause.  The  student,  familiar  with  apparent  effects,  is 
accustomed  to  look  to  some  change  in  the  earth  for  an 
explanation  of  changes  of  position  exhibited  by  all  stars. 

3.  What  bodies  can  produce  any  change  in  the  position 
of  the  earth  ?  The  sun  and  moon.  Mindful  of  the  Method 
of  Concomitant  Variations,  the  teacher  explains  that  we  must 
examine  the  records  of  each  of  the  bodies  10  see  if  either 
exhibits  any  periodic  change  occurring  in  the  same  time — 
nineteen  years — in  which  the  observed  change  in  declination 
takes  place.  It  is  found  that  the  nodal  line  which  the 
plane  of  the  moon's  orbit  makes  with  the  plane  of  the 
ecliptic   revolves   once   in    nineteen    years.      This    is   the 
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concomitant  variation    and    hence    is    the    probable  cause 
of  the  phenomenon. 

4.  The  next  step  is  to  examine  deductively  the  effects  of  the 
revolution  of  the  nodal  line  and  to  see  if  they  explain  the 
phenomenon.  But  this  portion  of  the  subject  will  be 
understood  better  when  deduction  has  been  treated  of. 
Sufficient  has  been  said,  I  think,  to  make  it  clear  that  these 
methods  become  most  fertile  in  suggestions  as  to  the  best 
methods  of  exposition. 


SUMMARY   OF  CHAPTER  XVII. 

The  methods  previously  examined  determine  whether  or 
no  two  things  are  connected  as  cause  and  effect.  They  do 
not  determine  any  quantitative  relation.  Tne  two  following 
methods  are  used  to  determine  how  much  of  an  effect  is  due 
to  a  given  cause,  or  vice  versa. 

The    Method   of    Residues. — Canon  : 

"  Subtract  from  any  phenomenon  such  part  as  is  already 
known  to  be  the  effect  of  certain  antecedents,  then  the 
residue  of  the  phenomenon  is  the  effect  of  the  remaining 
antecedents." 

Remarks  : 

1.  It  is  applicable  to  homogeneous  effects. 

2.  It  is  a  modification  of  the  method  of  difference.  The 
effects  of  known  causes  must  be  computed  deductively  (see 
Chap.  XIX.)  before  the  residual  effect  can  be  known.  This 
is,  then,  not  entirely  a  method  of  induction. 

3.  It  is  largly  employed  in  astronomy. 

4.  It  is  most  fertile  in  unexpected  results. 
Method  of  Concomitant  Variations. — Canon  : 

t;  Whatever  phenomenon  varies  in  any  manner  whenever 
another  phenomenon  varies  in  some  particular  manner,  is 
either  a  cause  or  an  effect  of  that  phenomenon,  or  is 
connected  with  it  through  some  fact  of  causation." 

Remarks : 

1.  It  is  another  form  of  the  method  of  difference. 

2.  This  method  establishes  the  law  of  the  relation  between 
cause  and  effect,  whether,  for  example,  they  vary  directly  01 
inversely. 
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3.  It  often  succeeds  the  method  of  difference  to  determine 
a  quantitative  law. 

4.  It  is  most  advantageously  employed  on  permanent  or 
universal  causes,  e.g.,  gravitation  which  cannot  be  isolated. 


QUESTIONS   ON   CHAPTER   XVII. 

1.  Explain  the  method  of  residues.  Show  that  it  is  not 
by  any  means  entirely  an  inductive  method. 

2.  Describe  fully  some  discovery  due  to  the  observation 
of  a  residual  phenomenon. 

3.  Show  how  the  method  of  residues  and  the  method  of 
concomitant  variations  are  modifications  of  the  method 
of  difference. 

4.  State  in  your  own  words  the  canon  of  the  method  of 
concomitant  variations. 

5.  Draw  up  notes  of  a  lesson  on  the  fortnightly  changes 
which  take  place  in  the  tides,  taking  the  method  of  concomi- 
tant variations  and  the  method  of  residues  as  guides  to  your 
exposition. 

6.  Sketch  the  outlines  of  a  lesson  on  the  law  that  "  fiiction 
destroys  motion,"  taking  the  method  of  concomitant 
variation  as  your  guide. 

7.  Give  three  instances  of  concomitant  variations  which 
you  may  assume  to  be  causally  connected,  not  named  above. 
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CHAPTER   XVIII. 
Analogy. 


Definition. — The  word  "analogy"  implies,  when  used 
in  its  widest  sense,  resemblance,  likeness,  similarity.  The 
resemblance  must  be  of  a  peculiar  kind,  however,  to  require 
a  special  term ;  here  is  an  illustration  of  it  : 

The  pilot  of  a  ship  is  a  person  very  different  from  the 
prime  minister  of  the  Government,  but  they  are  alike  in  so 
far  as  each  is  a  guiding,  controlling,  responsible  agent. 
Resemblance  in  this  respect  is  said  to  constitute  an  analogy 
between  them  ;  or  they  are  said  to  furnish  analogous  cases. 
Obviously  the  resemblance  lies  in  the  fact  that  they  stand  in 
the  same  relation  to  other  things.  Again,  four  men  bear  the 
same  relation  of  magnitude  to  five  men  as  eight  horses  bear 
to  ten  horses.  This  resemblance  also  constitutes  an  analogy. 
We  may  say,  then,  that  analogy  is,  strictly  speaking,  a 
resemblance  of  relations.  It  is  necessary  to  add,  "  strictly 
i- peaking,"  because  the  word  is  more  commonly  employed  in 
a  wider  sense  to  imply  any  resemblance.  Thus,  we  say  that 
there  is  an  analogy  between  water-waves,  sound-waves  in 
air,  and  fight-waves  in  ether ;  thereby  implying  that  they 
resemble  one  another  in  certain  respects,  e.g.,  they  all  transfer 
energy  by  means  of  vibratory  movement.  Again,  we  are 
accustomed  to  describe  the  earth  and  Mars  as  analogous 
bodies,  knowing,  as  we  do,  that  they  resemble  each  other  in 
many  respects ;  and  on  the  strength  of  this  resemblance  are 
inclined  to  conclude  that  they  may  have  another  point  in 
common,  i.e.,  Mars  may  be  inhabited  like  the  earth.  Thus, 
the  word  analogy,  as  commonly  employed,  has  come  to  mean 
any  similarity  or  resemblance  between  things.  We  have  here  an 
excellent  instance  of  the  process  by  which  words  with  a  strict 
technical  meaning  come  to  be  employed  in  cases  to  which  in 
strictness  they  do  not  apply.  It  is,  however,  always  better 
to  extend  the  denotation  of  a  term  already  in  use,  if  this  can 
be  done  without  producing  confusion  of  thought,  rather 
than  to  add  a  new  word  to  the  vocabulary. 

We  shall  proceed  now  to  examine  analogy  from  three 
points  of  view. 
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I.  Analogy  as  a  Basis  of  Inference.  When  two  or 
more  things  have  been  found  to  resemble  each  other  in 
certain  respects  there  is  a  natural  tendency  to  infer  that  the 
resemblance  holds  in  other  respects  also.  Thus,  from  the 
known  similarity  of  Mars  to  the  earth  in  many  particulars, 
we  are  tempted  to  infer  that  the  former  must  be  inhabited. 
This  is  argument  or  inference  from  analogy,  i.e., horn  mere 
resemblance.  Mill  states  the  general  principle  of  such  an 
inference  as  follows : 

"  Two  things  resemble  each  other  in  one  or  more  respects  ;  a 
certain  proposition  is  true  of  the  one,  therefore  it  is  true  of  the 
other  r 

Now  it  is  obvious  that  such  an  inference  must  be  very 
precarious  unless — 

i.  The  resemblance  is  very  great. 

2.  The  dissimilarity  is  very  small. 

3.  Our  knowledge  of  the  subject-matter  is  tolerably 

extensive. 

Thus,  to  quote  an  example  used  by  Bain  :  "  A  quadruped 
resembles  a  human  being  in  very  many  points  of  structure, 
but  also  differs  in  a  considerable  number  ;  while  there  may 
be  undiscovered  properties  in  both.  This  reduces  to  a  weak 
probability  all  inferences  from  one  to  the  other  as  to  the 
suitable  kinds  of  food,  liability  to  disease,  or  medical  treat- 
ment."     (Induction,  p.  145.) 

On  the  other  hand,  if  these  conditions  are  fulfilled,  the 
inference  may  reach  a  high  degree  of  certainty.  Thus : 
The  musical  scale  and  the  colour  scale  are  known  to  resemble 
one  another  in  a  large  number  of  particulars,  while  their 
differences  are  comparatively  few ;  we  may  conclude  that 
as  there  are  ether  vibrations,  some  too  slow,  some  too  rapid 
for  the  eye  to  distinguish,  so  there  are  notes  some  too  high 
in  pitch,  others  too  low,  for  the  ear  to  differentiate. 

The  reader  may  have  observed  that  an  inference  by 
analogy,  based  as  it  is  on  resemblances,  is  a  process  similar 
to  that  by  which  we  generalise  ;  but  the  difference  between 
these  processes  is  well  marked.  It  is  thus  described  by 
Jevons : 

"  We  are  said  to  generalise  when  we  view  many  objects 
as  agreeing  in  a  few  properties,  so   that  the  resemblance  is 
extensive  rather   than    deep.     When   we    have  only   a 
objects  of  thought,  but  are  able  to  discover  many  points  of 
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resemblance,  we  argue  by  analogy  that  the  correspondence 
will  be  deeper  than  it  appears."  (Principles  of  Science, 
p.  627.) 

II.  Analogy  as  an  Aid  to  Discovery. — In  the  inves- 
tigation of  what  is  new  or  unknown  the  lines  of  enquiry 
which  are  followed  are  most  frequently  adopted  on  the 
ground  of  some  real  or  supposed  resemblance  which  the 
phenomenon  to  be  examined  exhibits  to  other  phenomena. 
That  is  to  say,  any  observed  analogy  furnishes  a  clue  which 
the  investigator  follows  up.     To  illustrate  : 

1.  The  rise  and  fall  in  pitch  of  the  whistle  of  a  locomotive 
as  it  approaches  and  recedes  is  due  to  the  increase  and 
decrease  in  the  number  of  air  vibrations  which  reach  the  ear 
in  a  second  owing  to  the  motion  of  the  locomotive.  The 
analogy  existing'between  sound-waves  and  light- waves  leads 
us  to  suppose  that  if  a  light-giving  body  were  approaching 
or  receding  from  the  earth  the  light  would  undergo  an 
analogous  change ;  and  the  spectroscope  enables  us  to 
discover  that  the  suggested  resemblance  does  hold.  Thus 
we  are  led  to  detect  motions  of  approach  and  recedence  of 
stars  in  the  line  of  sight ;  and  in  this  way  also  we  become 
aware  of  outbursts  and  infallings  in  the  sun's  disc. 

2.  The  individual  members  of  double  stars  bear  the  same 
relation  to  each  other,  we  infer  by  analogy,  as  the  sun  bears 
to  the  planets  or  a  planet  to  its  satellites.  Careful  obser- 
vation extended  over  long  periods  supports  that  which 
analogy  suggests. 

3.  The  explanation  of  the  causes  of  the  variability  of 
certain  stars  is  based  on  analogies. 

Indeed,  in  the  case  of  the  science  of  astronomy  analogy 
frequently  clears  the  way  for  the  application  of  the  more 
certain  deductive  process. 

III.  Analogy  as  an  Aid  to  Illustration  and  Exposi- 
tion.— It  is,  perhaps,  with  this  view  of  analogy  that  the 
teacher  is  most  directly  concerned.  Not  that  he  can  afford 
to  neglect  the  two  preceding  views ;  for  he  must  know  how 
to  regulate  inference  by  analogy  so  that  his  pupils  may 
avoid  error,  and  by  showing  how  analogy  may  be  a  guide 
to  discovery  he  may  bring  about  a  more  alert  and  intelligent 
attitude  of  mind  towards  the  phenomena  both  of  inanimate 
Nature  and  of  social  life.  But  illustration  for  the  purpose 
of   exposition   is  an    hourly    need ;    and    it  is  of  primary 


I  I S  TEACHKRS     LOGIC. 

importance  that  he  should  know  to  what  an  extent  and  in 
what    ways    analogy    may   supply    that    need.      We    may 
examine  three  broad  classes  of  illustration  by  analogy : 
(a)  Diagrammatic  Representation  of  the  Abstract. 

i.  In  Arithmetic. 

The  abstract  process  of  multiplying  two  factors  together 
to  obtain  a  product  is  illustrated  by  the  construction  of  a 
parallelogram,  thus  : 

2  x  j  ■  6,  illustrated  by — 


M 


The  analogy  lies  in  the  facts  that  the  factors  bear  the 
same  relation  to  the  product  as  the  sides  do  the  area. 

The  abstract  process  is  better  understood  by  means  of  the 
diagram.  The  abstract  truth  that  2  x  3  =  3  x  2  is  also 
obvious  from  the  analogy  which  the  area  supplies. 

Again,  the  meaning  of  a  fraction  is  made  clear  by 
concrete  illustration,  thus  : 

f  is  interpreted  by — 


The  abstract  process  of  dividing  up  unity  is  made  clear 
by  the  analogous  process  of  dividing  up  an  area. 

The  teacher  should  recognise  the  true  nature  of  these 
illustrations  by  diagram.  They  are  "  analogies "  rather 
than  "  proofs,"  as  they  are  so  commonly  called.  The  same 
thing  holds  good  of — 

2.  Geometrical  Theorems  and  Algebraical  Processes. — Thus  it 
is  customary  to  give  what  are  called  algebraical  "  proofs  " 
of  the  theorems  which  are  to  be  found  in  the  second  book 
of  Euclid's  "  Elements  of  Geometry."  These  are,  strictly 
speaking,  analogous  processes  illustrating  the  theorems. 

3.  ///  Mechanics  diagrammatic  representation  is  of  the 
utmost  importance ;  yet  every  teacher  of  the  subject  knows 
how  difficult  it  is  to  get  children  to  distinguish  between  the 
truths   themselves   and  the  illustrations    of  them.     Thus, 
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speaking  of  a  line  the  pupil  will  say  :  "  AD  is  the  resultant,' ' 
often  not  realising  that  the  line  is  but  a  convenient  representation 
which  analogy  furnishes.  However,  without  the  aid  of  such 
analogies  the  science  could  make  but  little  progress.    Thus: 

Force,  abstract  in  nature,  may  be  clearly  grasped  by  means 
of  the  almost  perfect  analogy  which  a  line  affords.  For  to 
specify  a  force  completely  we  must  state  its  point  of 
application,  its  magnitude,  and  its  direction  :  a  line  may  be 
drawn  from  any  point,  of  any  length,  and  in  any  direction, 
and  there  it  may  completely  represent  a  force. 

The  Moment  of  a  Force,  since  it  depends  on  the  force  and 
the  arm,  may  be  conveniently  represented  by  an  area,  which 
also  depends  on  two  factors. 

Work  may  be  represented  in  the  same  way. 

It  is  not  necessary  to  impress  upon  the  teacher  the  value 
of  diagrammatic  representations  of  abstract  truths.  It  may 
be  necessary  to  insist  once  more  upon  their  nature,  i.e.,  they 
are  illustrations  furnished  by  analogy. 

(b)  Analogy  in  Language. — Illustration  by  means  of 
diagrams  is  necessarily  limited,  but  we  can  draw  on  our 
whole  stock  of  knowledge  to  supply  verbal  illustrations.  In 
doing  so  we  call  up  in  the  minds  of  our  hearers  a  mental 
image  of  some  analogous  case  to  illustrate  the  point  in 
question  instead  of  supplying  a  concrete  parallel.  Now  men 
are  so  prone  to  comparison — and  their  knowledge  would  be 
so  limited  if  they  were  not — that  we  may  expect  to  find 
that  the  language  by  which  they  express  themselves  is 
highly  figurative  and  full  of  analogies.  This  may  be  seen 
from  an  examination  of — 

i.  Common  every -day  expressions.  For  example,  we  speak 
of  a  "sweet"  sound;  a  "bitter"  truth;  a  "torrent"  of 
words;  a  "flash"  of  genius.  An  observed  or  imagined 
resemblance  between  two  classes  of  things  is  sufficient  to 
cause  a  transference  of  a  term  belonging  to  one  class  to 
another  to  which  it  cannot  literally  be  applied.  In  a  word, 
all  figurative  language  is  based  on  analogy.  I  append  a 
quotation  from  Tennyson's  "  Coming  of  Arthur"  to 
illustrate  the  extent  to  which  we  employ  such  terms.  Every 
word  in  italics  embodies  an  analogy  : 

And  the  fringe 

Of  that  great  breaker  sweeping  up  the  strand 
t>asKd  at  the  wizard  as  he  spake  the  wordr 
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And  ;ill  at  once  all  round  him  rose  in  Tire, 
So  that  the  Child  and  he  were  ilothcd  in  lire, 
And  presently  (hereafter  foIloiV'd  calm, 
Free  sky  and  stars. 

2.  A  metaphor  or  a  simile  might  each  be  defined  as  a* 
figure  of  speech  based  on  resemblance  or  analogy,  e.g., 

"  There  is  a  tide  in  the  affairs  of  men." 

11  Swift  as  the  sparkle  of  a  glancing  star." 

Of  course,  the  every-day  expressions  referred  to  in  the 
preceding  paragraph  are  all  metaphorical ;  it  is,  however, 
convenient  to  distinguish  from  these  the  formal,  conscious 
use  of  the  metaphor  as  an  ornament  of  language.  We  need 
not  enlarge  upon  the  part  played  by  metaphor  and  simile  in 
the  beautifying  of  prose  and  poetry  ;  but  we  may  note  that 
they  are  the  outcome  of  the  generalising  tendency  of  the 
human  mind.  We  delight  in  the  association  of  things;  and 
the  aptness  of  a  metaphor  depends  entirely  upon  (a)  the 
novelty  of  the  association,  and  (/>)  the  closeness  of  the 
analogy. 

3.  Personification,  Alienor \\  Euphemism  are  all  based  on 
analogy. 

4.  Paradox,  pun  and  witticism  generally  owe  much  of  their 
piquancy  and  charm  to  the  boldness  with  which  some  daring 
or  even  absurd  analogy  is  drawn,  or  else  it  is  the  ruthless 
separation  of  things  which  tradition  has  linked  together. 

The  teacher  cannot  then  fail  to  realise  what  an 
important  part  analogy  plays  both  in  the  language  of  every- 
day life  and'in  literature  ;  and  a  knowledge  of  its  meaning, 
forms,  and  uses,  cannot  but  improve  his  explanation  and 
criticism  of  the  latter;  while  his  exposition  of  a  subject  will 
come  to  be  marked  by  the  choice  of  graphic,  vigorous,  and 
suggestive  terms. 

(c)  Instances  and  Examples. — In  order  that  knowledge 
may  be  real  and  full  we  are  accustomed  to  supplement 
description  with  an  instance  or  example.  This  may  be  either 
real,  e.g.,  a  specimen  of  a  rock,  or  pictorial  or  imagined — 
imagined,  that  is,  in  the  sense  of  being  recalled  by  memory. 
Now,  without  entering  into  the  question  of  the  relative  value 
of  the  different  kinds  of  examples,  except  so  far  as  to  say 
that  they  are -here  named  in  the  order  of  their  utility,  we 
may  ask,  what  is  the  position  of  an  example  in  logic  ?     W$ 
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may  say,  at  once,  that  an  example,  logically  considered,  is 
an  aid  to  valid,  and  a  safeguard  against  invalid,  inference.  It 
affords  the  most  direct  means  of  showing  what  is  to  be 
expected  in  analogous  cases  ;  hence,  it  belongs  partly  to 
the  first  and  partly  to  the  third  division  of  analogy  which 
has  been  made  above,  for  it  is  an  aid  to  inference  and  to 
exposition.  In  making  use  of  examples  it  is  only  necessary 
to  say  that  they  should  be  representative,  should  exhibit 
clearly  the  marks  of  the  class  they  are  meant  to  illustrate  ; 
and  that  the  essential  attributes  must  be  carefully 
distinguished  from  the  accidental. 


SUMMARY  OF  CHAPTER  XVIII. 

Definition. — Analogy  is,  strictly  speaking,  a  resemblance 
of  relations. 

It  is  commonly  employed  to  imply  any  similarity  or 
resemblance  between  tilings. 

Analogy  as  a  Basis  of  Inference. — Canon:  "  Two 
things  resemble  each  other  in  one  or  more  respects ;  a 
certain  proposition  is  true  of  the  one,  therefore  it  is  true  of 
the  other." 

Such  an  inference  is  very  precarious  unless  : 

i.  The  resemblance  is  very  great. 

2.  The  dissimilarity  is  very  small. 

3.  Our  knowledge  of  the  subject-matter  is  tolerably 
extensive. 


In  Analogy. 

In  Generalisation. 

1.  We    view    a  few    objects, 
frequently  only  two. 

2.  They  agree  in  many  points. 

3.  We   argue    that   the   corre- 
spondence  is   deeper  than  it 
appears. 

1.  We  view  many  objects. 

2.  They  agree  mfew  points. 

3.  Their  resemblance  is  exten- 
sive rather  than  deep. 

Analogy  as  an  Aid  to  Discovery. — Resemblances  are 
frequently  the  guide  to  discovery,  for  analogy  suggests 
more  searching  tests  by  inductive  and  deductive  methods, 
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Analogy  as  an  Aid  to  Illustration  and  Exposition.— 
Analogy  is  employed  lor  this  purpose: 

(a)  In  diagrammatic  representation  of  the  abstract. 

i.  In  Arithmetic.  2.  In  Geometry.  3.  In 
Mechanics,   etc. 

(b)  In  language. 

1.  In  common  every-day  expressions,  e.g.,  a 
"  bitter"  truth.  2.  In  metaphor,  simile,  per- 
sonification, allegory,  euphemism. 

(c)  In  instances  and  examples. 


QUESTIONS    ON   CHAPTER  XVIII. 

1.  Define  "  analogy,"  with  illustrations. 

2.  How   far  and    under  what    conditions   is  "  inference 
from  analogy  "  reliable  ? 

3.  With  what  uses  of  analogy  are  you  familiar? 

4.  Give  a  full  description  of  the  ways  in  which  analogy 
may  be  employed  to  aid  exposition. 

5.  What  analogies  does  language  present  ? 

6.  What  is  the  object  of  giving  instances  and  examples  ? 
What  logical  purpose  do  they  serve  ? 

7.  Explain    the  process   of    "  Reasoning    by    analogy." 
(2nd  Year  Cert.     Scotch,  1893.) 

8.  Distinguish  between  generalisation  and  reasoning  from 
analogy,  and  give  an  instance  of  each.  (2nd  Year  Cert.,  1895.) 
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CHAPTER    XIX. 
Deductive  Logic. 

Functions  of  Deduction. —We  have  seen  in  the  pre- 
ceding chapters  how  we  arrive  at  general  truths  ;  in  the  six 
succeeding  chapters  our  object  will  be  to  explain  how  these 
general  truths  may  be  applied.  It  is  as  though  we  had 
reached  a  summit  whence  an  extensive  and  clear  view  of  the 
workings  of  the  laws  of  Nature  could  be  gained,  and  we 
could  sit  down  and  trace  the  consequences  of  these  laws  in 
cases  which  have  not  come  under  our  view.  For  example : 
We  have  learnt,  say,  that  all  igneous  rocks  bear  marks  of 
crystallisation,  and  this,  being  an  igneous  rock,  will 
assuredly  exhibit  those  marks  if  they  are  carefully  sought. 

Now  the  process  of  applying  our  general  truths  is  called 
deduction.  We  may  describe  it  more  definitely  in  two 
ways  : 

1.  It  enables  us  to  apply  general  truths  to  particular  cases. 
By  it  we  may  be  said  to  interpret  our  general  laws. 

2.  By  this  process  we  combine  two  or  more  general  laivs,  and 
infer  what  their  joint  effect  may  be. 

To  enable  the  reader  to  appreciate  more  fully  the 
difference  between  the  functions  of  Induction  and  Deduc- 
tion I  quote  the  following  passage  from  Fowler's"  Deductive 
Logic  "  :  "  Induction  has  been  not  inaptly  compared  to  the 
establishment  of  a  formula,  deduction  to  the  reading  it  off. 
Induction  leads  to  truths  entirely  new.  Deduction  com- 
bines, methodises,  and  develops  those  we  have  already 
gained  "  (p.  73).  Neither  process  can  be  said  to  be  more 
important  than  the  other  ;  they  are  rather  twin  sisters, 
which  are  the  handmaids  of  scientific  procedure,  and,  be  it 
noted,  of  orderly  exposition. 

The  frequency  with  which  the  teacher  employs  induction 
has  already  been  shown  ;  we  may  indicate  briefly 

The  Importance  of  Deduction. — We  can  only  give  a 
few  of  the  many  purposes  which  deduction  may  serve. 
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i.  The  unfolding  of  all  that  is  implicitly  contained  in  a 
statement  is  accomplished  by  means  of  that  form  of  deduc- 
tive reasonirrg  called  immediate  inference,  which  is  dealt 
with  in  the  succeeding  chapter. 

2.  Hypotheses  may  be  tested  by  inferring  their  conse- 
quences deductively  (Chap.  XXV.);  explanation  of  facts 
and  laws  may  take  the  form  of  showing  them  to  be 
deductively  inferrible  (Chap.  XXVI.)  ;  while  discovery  may 
result  from  the  discrepancy  between  facts  and  the  deduced 
consequences  of  known  causes,  e.g.,  the  discovery  of 
Neptune  (see  p.  108). 

3.  Many  of  the  common  subjects  of  instruction  are  built 
up  deductively  from  a  few  general  truths.  Thus,  arithmetic, 
algebra,  geometry  are  the  outcome  of  deductive  reasoning 
exercised  on  a  few  general  truths,  called  axioms,  and  a  few 
definitions.  We  can  form  some  idea  of  the  importance  of 
the  process  when  we  remember  that  the  most  complicated 
algebraical  formula  or  the  most  involved  arithmetical 
problem  is  the  outcome  of  a  few  self-evident  truths. 
Mechanics  and  astronomy  are  almost  wholly  deductive,  and 
the  physical  sciences — Sound,  Light  and  Heat,  Electricity, 
etc. — are  becoming  more  and  more  so.  Grammar  is  the 
application  of  rules  and  definitions ;  the  pity  is  that  these 
rules  and  definitions,  being  arbitrarily  fixed,  and  having  no 
such  universal  warrant  as  the  axioms  of  the  sciences,  are 
ever  changing  with  the  opinions  of  different  writers. 

4.  The  certainty  which  attaches  to  deduction  must  not  be 
overlooked.  Provided  the  data  are  accurate  and  the  deduc- 
tive processes  are  strictly  applied,  then  the  conclusions  are 
as  trustworthy  as  the  data.  Take  the  case  of  an  ordnance 
survey  to  illustrate  this.  The  base  line  is  measured,  and 
with  data  as  to  the  angles  of  a  triangle  made  by  joining  the 
extremities  of  the  base  line  to  some  distant  object,  its 
distance  may  be  deductivelv  inferred.  Without  further 
linear  measurement  the  whole  of  a  country  can  be  mapped 
out  and  its  distances  accurately  determined. 

Again,  take  the  determination  of  a  ship's  latitude,  or 
longitude.  This  resolves  itself  into  deductive  inference  from 
a  few  observations,  and  yet  the  skilled  captain  can  mark  his 
distances  on  the  sea  almost  as  accurately  as  the  pedestrian 
who  reads  the  milestones  on  the  high  road.  And  any  error 
would  invariably  be  put  down  to  an  error  of  observation, 
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The    deduction  can   be  trusted,  provided,    of  course,  it  is 
validly  made. 

Kinds  of  Deduction.—  The  forms  of  deduction  may 
ultimately  be  reduced  to  two.     These  are: 

1.  Immediate  Inference. 

2.  Mediate  Inference. 

They  are  discussed  in  the  two  succeeding  chapters.  It. 
will  be  necessary  first  to  consider  the  different  kinds  of 
proposition,  and  the  way  in  which  the  terms  are  employed 
in  them. 

It  will  be  well  to  state  the  following  facts  here  : 

1.  A  proposition  is  the  verbal  expression  of  a  judgment. 

2.  It  consists  of  subject,  predicate,  and  copula. 

3.  The  quality  of  a  proposition  depends  on  whether  the 
predicate  is  affirmed  or  denied  of  the  subject. 

4.  The  quantity  of  a  proposition  depends  on  whether  the 
predication  is  made  of  the  whole  of  the  subject  or  not. 

Kinds  of   Proposition. — Propositions  may  be  divided  : 

(a)  According  to  Quality  into  : 

1.  Affirmative,  as  London   is  the   largest  city  in 

Europe. 

2.  Negative,  as  VVales^is  not  a  flat  country. 

(b)  According  to  Quantity  into  : 

1.  Universal,  as  All  the  planets  revolve  round  the 

sun. 

2.  Particular,   as    Some    planets    have   satellites. 

We  thus  reach  the  four-fold  scheme  : 
(Affirmative.  A 

/  Universal 


Propositions 


(Negative. 
I  Affirmative. 


'    Particular 

(Negative.  () 

The  letters  on  the  right  stand  for  the  propositions.  It 
may  be  of  some  help  to  the  student  to  remember  that  the 
letters  A  and  I,  which  stand  for  affirmative  propositions, 
occur  in  the  Latin  word  affirmo  (I  affirm),  and  E  and  O, 
which  stand  for  negative  propositions,  occur  in  the  word 
nevfl  (I  deny). 

Singular  propositions  have  a  singular  term  lor  a  subject. 
They  are  to  be  classed  as  universal,  since  the  predicate  is 
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asserted   of  the  whole  of  the   subject,  e.g.,  London  is  the 
largest  city  in  Europe. 

Indefinite  or  indesignate  propositions  have  no  sign  of 
quantity  attached  to  the  subject,  e.g.,  Englishmen  are 
Christians.  Logic  has  no  concern  with  them  until  the 
subject  takes  a  sign  of  quantity,  either  all  or  some.  Logic 
cannot  decide  which  sign  is  applicable  to  any  particular 
case,  but  it  can  suggest  how  the  inductive  methods  of 
enquiry  which  we  have  examined  must  be  pursued  in  that 
particular  science  to  which  the  statement  belongs ;  when 
by  these  methods  the  statement  has  been  made  definite, 
inferences  may  be  made  deductively,  as  we  shall  see. 

All  propositions,  then,  must  be  reducible  to  one  of  the 
four  forms,  A,  E,  I,  O,  before  the  logical  processes  can  be 
applied  to  them.  The  relations  between  subject  and 
predicate  in  these  four  propositions  are  well  brought  out 
by  means  of  diagrams.  We  will  examine  each  form 
separately. 

i.  Universal  Affirmative,  A. — "All  the  planets  shine  by 
reflected  light."  The  affirmation  is  made  of  every  planet; 
and  the  relation  of  the  class  "planets"  to  the  class  "bodies 
shining  by  reflected  light"  may  be  shown  thus  : 


The  entire  inclusion  of  one  circle  by  the  other  is 
analogous  to  the  inclusion  of  all  planets  in  the  larger  cla<s 
of  bodies  which  shine  by  reflected  light. 

2.  Universal  Negative,  E. — "  No  planets  are  self- 
luminous."     The  predicate  is  here  denied  of  every  planet. 
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This  relation  may  be  thus  shown  : 
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The  entire  separation  of  the  circles  illustrates  the 
complete  distinctness  of  the  classes. 

3.  Particular  Affirmative,  I.  —  "  Some  planets  have 
satellites."  The  predicate  is  here  affirmed  of  some 
members  of  the  class  "  planets."   We  may  illustrate  thus  : 


The  fact  that  the  circles  overlap  illustrates  the  truth  that 
some  of  the  planets  are  identical  with  part  of  the  class  of 
bodies  possessing  satellites. 

4.  Particular  Negative,  O. — "  Some  planets  have  not  a 
satellite."  Here  it  is  denied  of  some  planets  that  they  have 
a  satellite.  This  relation  is  illustrated  by  the  preceding 
diagram,  wherein  part  of  the  circle  containing  the  planets  is 
seen  to  fall  outside  the  other  circle. 

Distribution  of  Terms. — "A  term  is  said  to  be  distri- 
buted when  it  is  employed  in  its  entire  extent,  i.e.,  when  it 
applies  to  all  the  individuals  denoted  by  the  name." 
(Fowler,  Deductive  Logic,  p.  33.) 
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Most  of  the  mistakes  in  the  inferences  we  make  de- 
ductively are  due  to  failure  or  neglect  to  observe  which 
terms  are  distributed  and  which  are  not.  Hence  it  is  most 
important  that  this  point  should  be  made  clear.  The 
following  rules  are  given  by  Fowler  : 

i.  "All  universal  propositions  distribute  their  subject,  whereas 
particular  propositions  do  not. 

The  words  "  all  "  or  "  no"  in  universals,  and  "  some  "  in 
particulars  make  this  rule  obvious. 

2.  "All  negative  propositions  distribute  their  predicate,  whereas 
affirmative  propositions  do  not" 

Look  at  the  diagram  illustrating  the  E  proposition.  It  is 
evident  that  the  predicate  refers  to  all  self-luminous  bodies, 
otherwise  the  proposition  does  not  hold. 

Again,  examine  the  O  proposition.     When  I  state  that 
some  planets  have  not  a  satellite,  I  evidently  exclude  these 
from  the  entire  number  of  bodies  which  possess  satellites,  i.e., 
the  predicate  is  distributed. 
.    These  rules  enable  us  to  construct  the  following  table  : 


Kind  of  Proposition. 

Subject. 

Predicate. 

Universal  Affirmative,  A. 
Universal  Negative,  E. 
Particular  Affirmative,  I. 

Particular  Negative,  O. 

Distributed 
Distributed 
Undistributed 

Undistributed 

Undistributed 
Distributed 
Undistributed 
Distributed 

SUMMARY   OF   CHAPTER   XIX. 

Functions  of  Deduction.— i.  To  apply  general  truths 
to  particular  cases ;  to  interpret  general  laws. 

To  combine  two  or  more  general  laws,  and  infer  what 
their  joint  effect  will  be. 

"  Induction  leads  to  truths  entirely  new  ;  deduction 
combines,  methodises  and  develops  those  we  have  already 
gained."     (Fowler.) 

Importance  of  Deduction. — i.  It  enables  us  to  unfold 
all  that  is  contained  in  a  statement.   (Immediate  Inference.) 

2.  By  it  hypotheses  are  tested,  facts  and  laws  explained, 
and  discovery  aided.     (Mediate  Inference.) 
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3.  Arithmetic,  Algebra, Geometry,  Mechanics, Astronomy, 
etc.,  are  treated  almost  entirely  deductively. 

4.  It  leads  to  certain  results,  provided  the  data  are  accurate. 

Definitions.  —  1.  A  proposition  is  the  verbal  expression 
of  a  judgment. 

2.  The  quality  of  a  proposition  depends  on  whether  the 
predicate  is  affirmed  or  denied  of  the  subject. 

3.  The  quantity  of  a  proposition  depends  on  whether  the 
predicate  is  affirmed  of  the  whole  of  the  subject  or  not. 

Kinds  of  Proposition  : 

1.  Universal  Affirmative,  A. 

2.  Universal  Negative,  E. 

3.  Particular  Affirmative,  I. 

4.  Particular  Negative,  O. 

Distribution. — A  term  is  said  to  be  distributed  when 
it  is  employed  in  its  entire  extent,  i.e.,  applies  to  all  the 
individuals  denoted  by  the  name."     (Fowler.) 

A  distributes  its  subject  only. 

E  distributes  both  subject  and  predicate. 

I    distributes  neither. 

O  distributes  its  predicate  only. 


QUESTIONS   ON   CHAPTER   XIX. 

1.  What  do  you  understand  by  •  deductive  inference? 
How  is  it  (a)  distinguished  from  (b)  connected  with 
Induction  ? 

2.  What  subjects  of  an  elementary  school  course  furnish 
illustrations  of  deductive  inference  ? 

3.  "  A  division  of  propositions  may  be  made  (a)  according 
to  quality,  (b)  according  to  quantity."  Explain  this  and 
give,  with  illustrations,  the  kinds  of  propositions  that  these 
divisions  give  rise  to. 

4.  What  is  meant  by  a  distributed  term  ?  State  which 
terms  are  distributed  and  which  not  in  each  of  the  proposi- 
tions A,  E,  I,  and  O. 

Give  instances  of  each  of  the  four  propositions  A,  E,  I,  O, 
and  illustrate  each  by  means  of  a  diagram. 

K 
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CHAPTER   XX. 
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Immediate  Inference. 

Definition.  -"  Immediate  Inference  as  a  process  of 
reasoning  is  the  process  of  deriving  or  deducting  a  proposi- 
tion from  a  given  proposition  or  premiss."  (Ray,  Deductive 
Logic,  p.  124.)  The  words  "  as  a  process  of  reasoning  "  are 
inserted  because  the  word  "  inference  "  is  sometimes  applied 
to  the  deduced  proposition  itself.  The  student  must  carefully 
notice  that  there  is  but  one  "  given  proposition  or  premiss  " ; 
hence  by  immediate  inference  we  realise  all  that  any  pro- 
position implies ;  we  interpret  it  fully.  Thus,  if  the  pro- 
position "  No  man  shall  escape  death  "  be  accepted  as  true, 
we  may  infer  that  "all  men  must  die."  Note,  further,  that 
no  new  truth  is  reached  ;  the  deduced  truth  was  contained  in 
the  given  proposition,  which,  as  we  have  seen,  is  always  the 
case  in  deductive  reasoning  which  never  goes  outside  the 
premisses.  This  does  not  detract  from  the  value  of 
immediate  inference.  We  are  so  accustomed  to  make  state- 
ments with  but  a  vague  appreciation  of  what  they  fully 
imply  that  it  is  a  most  valuable  exercise  to  state  clearly  and 
explicitly  what  is  implicitly  contained  in  the  propositions 
we  are  familiar  with.  To  show  how  this  may  be  completely 
done  would  carry  us  too  deeply  into  Formal  Logic.  We 
shall  examine  three  forms  of  immediate  inference. 

I.  Opposition. — Opposition  is  said  to  exist  between  any 
two  propositions  which,  while  keeping  the  same  subject  and 
predicate,  differ  in  quality  or  quantity  or  both. 

Here  are  four  propositions  in  which  the  same  subject  and 
predicate  are  preserved  throughout,  but  they  differ  in 
accordance  with  the  A,  E,  I,  O  forms. 

A.    All  metals  expand  with  heat. 

E.  No  metals  expand  with  heat. 

I.    Some  metals  expand  with  heat. 

O.  Some  metals  do  not  expand  with  heat. 
Now,    according    to    our    definition,  there  is  opposition 
between  any  pair,  say  A  and  O.    We  see  at  a  glance  that  the 
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opposition  is  of  such  a  kind  that  if  one  be  true  the  other  is 
false.  Also,  by  definition,  there  is  opposition  between  A  and 
I.  But  if  A  be  true  I  must  be  true  also.  The  opposition 
here  is  of  a  very  peculiar  kind;  in  fact,  is  agreement  rather 
than  opposition,  as  we  generally  understand  the  term. 
Observe,  then,  that  the  meaning  of  "  opposition  "  is  a  strictly 
technical  one  ;  and  may  be  opposed  to  the  common  meaning 
in  some  cases.  We  must  now  carefully  examine  the 
ways  in  which  propositions  may  be  "  opposed."  There 
are  four : 

1.  Contradictory  opposition  exists  between  two  propositions 
of  which  one  must  be  false  and  the  other  true.  Such  opposi- 
tion holds  between  A  and  O,  as  the  diagram  shows  : 


It  is  at  once  obvious  that  both  these  diagrams  cannot 
accurately  represent  the  relations  of  these  two  classes ;  for 
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the   metals  must  either  all  fall  within   the  class   of  bodies 
which  expand  with  heat,  or  some  must  fall  without. 

Hence,  if  A  is  true  O  is  false,  and  vice-versa. 

Contradictory  opposition  also  holds  between  E  and  I. 
By  drawing  the  diagrams  for  these  forms  of  proposition 
the  student  may  satisfy  himself  of  this  fact. 

This  is  the  strongest  form  of  opposition.  The  proposi- 
tions constituting  such  a  pair  are  called  'fc  contradictories." 

2.  Contrary  opposition  is  that  which  exists  between 
propositions  which,  while  both  cannot  be  true  (as  in 
contradictory  opposition),  may  both  be  false.  Such  opposi- 
tion exists  between  A   and    E.     Examine   these   diagrams : 


It  is  obvious  that  both  cannot  represent  the  relation  of 
the  classes.  Metals  cannot  both  be  entirely  included  in  and 
entirely  excluded  from  the  class  of  bodies  which  expand  with 
heat.     But  it  is  possible  that  neither  diagram  illustrates  the 
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fact.  The  metals  may  be  partly  within  and  partly  without 
the  wider  class,  and  a  diagram  to  represent  I  or  O  is 
required. 

3.  Sub-contrary  opposition  exists  between  propositions  of 
which  both  cannot  be  false,  but  both  may  be  true.  This 
form  of  opposition  exists  between  I  and  O. 

That  both  cannot  be  false  may  be  proved  thus: 

If  I  is  false  E  is  true.  | 

-  By  contradictory  opposition. 
If  O  is  false  A  is  true.  ) 

Hence,  if  I  and  O  are  both  false,  A  and  E  are  both  true, 
which  is  impossible  from  what  is  said  above  of  contrary 
opposition. 

That  both  may  be  true  is  seen  from  the  fact  that  the  same 
diagram  will  represent  both  I  and  O.     Thus : 


It  is  obvious  that  some  metals  may  fall  within  the  other 
class  {i.e.,  I   may  be  true)  and  some  may  fall  without  (i.e., 

0  may  be  true). 

4.  Subaltern  opposition  is  said  to  exist  between  a  universal 
and  a  particular  of  the  same  quality  ;  if  the  universal  is  true 
so  is  the  particular,  but  not  vice  versa.  This  requires  no 
demonstration.    Subaltern  opposition  exists  between  A  and 

1  and  between  E  and  O. 

All  these  relations  are  clearly  indicated  in  The  Square  of 
Opposition. 
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77w  summary  of  the  oppositions  which  the  diagram  illustrates 
may  be  given  thus  : 

i.  Of  Contradictories,  one  must  be  true  and  one  false. 

2.  Of  Contraries,  both    cannot    be   true,  both    may    be 

false. 

3.  Of   Sub-contraries,  both    cannot   be  false,  both  may 

be  true. 

4.  Of  Subalterns,  the  particular  is  true  if  the  universal 

is,  but  not  vice  versa. 

Thus  we  may  draw  many  inferences  if  the  truth  (or 
falsity)  of  any  one  proposition  be  accepted.  Thus,  if  A  be 
true,  O  is  false,  E  is  false,  and  I  is  true.  It  will  be  a 
valuable  exercise  for  the  student  to  determine  what 
inferences  may  be  drawn  when  each  of  the  four  forms  A,  E, 
I,  O  is  assumed  first  to  be  true,  then  to  be  false. 

II.  Conversion. — Conversion  is  a  "  process  of  im- 
mediate inference  in  wThich  from  a  given  proposition  we 
infer  another,  having  the  predicate  of  the  original  propo- 
sition for  subject,  and  its  subject  for  predicate."  (Keynes, 
Formal  Logic.) 
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The  original  proposition  is  called  the  convertend,  the 
inferred  proposition  the  converse.  In  this  process  of 
immediate  inference  we  must  take  care  that  the  converse 
does  not  state  more  than  is  contained  in  the  convertend. 
Thus,  if  from  the  convertend  "  All  Englishmen  are 
Europeans,"  I  simply  change  the  subject  and  predicate,  and 
infer  as  the  converse  that  "  All  Europeans  are  English- 
men," it  is  obvious  that  the  premiss  does  not  warrant  such 
a  conclusion  ;  and,  further,  it  is  clear  that  the  fallacy  arises 
from  my  treatment  of  "  Europeans."  These  are  referred  to 
as  a  whole  in  the  converse,  but  only  in  part  in  the  convertend  ; 
in  other  words,  a  term  is  distributed  in  the  conclusion  which 
was  undistributed  in  the  premiss.  The  rule  of  distribution 
which  states  that  no  term  must  be  distributed  in  the  converse 
which  ivas  not  distributed  in  the  convertend  makes  it  necessary 
to  limit  the  predicate  before  converting;  thus  the  true 
converse  is:  "Some  Europeans  are  English."  This  is 
called  conversion  per  accidcns  or  conversion  by  limitation.  All 
A  propositions  must  be  converted  in  this  way. 

Though  in  the  instance  given  it  seems  unlikely  that  such 
a  mistake  would  be  made,  yet  this  fallacy  is  a  very  common 
one.  Thus,  because  all  sickness  is  marked  by  pallor,  we  are 
greatly  inclined  to  conclude  conversely  that  all  pallor  is  a 
sign  of  sickness. 

Conversion  of  I  and  E. — These  may  be  converted  simply, 
i.e.,  by  mere  transposition,  e.g.  : 


Convertend.                                           Converse. 

I 
E 

• 
Some  metals  expand  with  heat     Some   bodies    which    expand 

with  heat  are  metals. 
No  metals  are  compounds.          Xo  compounds  are  metals. 

Conversion  of  O. — This  proposition  has  no  converse.  For 
there  is  a  second  rule  of  conversion  which"  states  that  the 
quality  of  a  proposition  must  remain  unchanged,  i.e.,  if  the 
convertend  be  regative  the  converse  must  be  negative  also. 
If  O  be  thus  converted  the  rule  of  distribution  is  violated, 
as  we  may  see  from  this  example  : 

O.     Some  Englishmen  are  not  Christians. 

Converse.      Some  Christians  are  not  Englishmen. 
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Now  it  has  been  shown  above  (p.  128)  that  a  negative 
proposition  distributes  its  predicate.  Hence  "  Englishmen  " 
is  undistributed  in  the  convertend  and  distributed  in  the 
converse. 

Summary. — Bearing  in  mind  the  rules  as  to  distribution 
and  quality,  the  following  table  shows  the  limits  to  and  the 
results  of  conversion: 


Converse. 


Convertend. 

How  Converted. 

A 
E 

I 
O 

Per  Accidens. 

Simply. 

Simply. 

Not  at  all. 

I 

E 

I 

None. 


III.  Obversion. —  This  is  a  form  of  immediate  inference 
which  "consists  in  passing  from  an  affirmative  proposition 
to  a  negative  proposition  implied  in  it  or  equivalent  to  it, 
or  vice  versa,  in  passing  from  a  negative  proposition  to  its 
corresponding  affirmative.     (Jevons.) 

The  process  of  obversion  is  applied  to  each  of  the  follow- 
ing tour  examples  : 

j.  All  planets  are  solid  bodies  A 

.  •  .  No  planets  are  not-solid  E  1 

2.  No  man  is  immortal  K 1 
.  •  .  All  men  are  mortal  A  1" 

3.  Some  verbs  are  transitive  1 

.     .  Some  verbs  are  not  intransitive  Oi 

4.  Some  heavenly  bodies  are  not  visible  CM 
.  •  .  Some  heavenly  bodies  are  invisible.  I  / 

Note, — Every  obversion  involves — 

1.  A  change  in  the  quality  of  the  original  proposition. 

2.  The  predicate  of  the  inferred  proposition  must  be  the 
contradictory  (see  p.  21)  of  the  predicate  of  the  original 
proposition. 
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SUMMARY    OF    CHAPTER    XX. 

Definition. — Immediate  inference  is  the  process  of 
deducing  a  proposition  directly  from  one  given  proposition 
or  premiss. 

The  deduced  proposition  is  not  new ;  it  states  what  the 
original  proposition  contained  in  a  new  form.  It  is  a 
val uable  exercise  since  it  enables  us  to  realise  explicitly  all 
that  propositions  imply. 

I.  Opposition  exists  between  any  two  propositions 
which,  while  keeping  the  same  subject  and  predicate,  differ 
in  quality  or  quantity  or  in  both. 

N.B. — The  term  "  opposition  "  applied  to  A  and  I,  for 
example,  would  in  common  language  be  called  "agree- 
ment."    There  are  four  kinds  of  opposition. 

1.  In  Contradictory  Opposition  one  proposition  must  be 
true  and  one  false.  It  exists  between  A  and  (),  and 
between  E  and  I. 

2.  In  Contrary  Opposition  both  propositions  cannot  be 
true,  yet  both  may  be  false.     It  exists  between  A  and  E. 

3.  /;/  Sub -contrary  Opposition  both  propositions  cannot  be 
false,  but  both  may  be  true.     It  exists  between  I  and  O. 

4.  In  Subaltern  Opposition  if  the  universal  is  true  so  is  the 
particular,  but  not  vice  versa.  It  exists  between  A  and  I  and 
between  E  and  O. 

It  Conversion.  —In  conversion  the  subject  and  predi- 
cate are  interchanged,  while  the  quality  remains  unchanged. 

Rule  of  Distribution. — No  term  must  be  distributed  in  the 
converse  which  was  not  distributed  in  the  convertend. 
Hence  : 

A  must  be  converted  per  accident  -that  is,  by  limitation  ; 
E  and  1  may  be  converted  simply  ;  while  O  cannot  be 
converted  at  all. 

III.  Obversion. — In  obversion  the  quality  of  the 
proposition  is  changed,  and  the  predicate  of  the  inferred 
proposition  must  be  the  contradictory  of  the  predicate  of  the 
original  proposition. 
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QUESTIONS  ON   CHAPTER  XX. 

i.  Define  immediate  inference.  What  is  the  advantage 
of  making  immediate  inferences  from  a  given  proposition  ? 

2.  Define  opposition.  Draw  as  many  inferences  as 
possible  from  each  of  the  following  propositions,  using  the 
doctrine  of  opposition  onlv. 

(a)  All  transitive  verbs  govern  the  objective  case. 

(b)  No  planet  is  self-luminous. 

(c)  Some  conjunctions  are  correlative. 

(d)  Some  substances  do  not  expand  when  heated. 

3.  Define  conversion.  Convert,  if  possible,  all  the 
propositions  of  the  preceding  question. 

4.  Explain  why  a  universal  negative  admits  of  the 
conversion  of  its  terms.  M  All  equilateral  triangles  are 
equi-angular  "  ;  say  whether  the  terms  of  this  proposition 
are  convertible.     If  not,  why  not?     (2nd  Year  Cert.,  1891.) 

5.  Explain  and  illustrate  by  examples  the  difference 
between  the  "  converse  "  and  the  "  contradictory  "  of  a 
proposition,  and  say  when  and  under  what  conditions  the 
converse  of  a  proposition  is  or  is  not  necessarily  true.  (2nd 
Year  Cert.,  1888.) 

6.  What  is  meant  by  convertible  terms  ?  In  what  sort 
of  propositions  are  the  terms  convertible,  and  in  what  are 
they  not  convertible  ?  Give  some  illustrations.  (2nd  Year 
Cert.,  1886.) 

7.  Define  obversion.  Give  the  obverse  of  each  of  the 
four  propositions  given  in  Question  2. 

8.  Draw  all  the  inferences  you  can  from  the  truth  of  the 
statement,  kk  All  teachers  are  learners  " 
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CHAPTER  XXL 

M  E  D  i  a  t  e     Inference. 
Definitions  : 

Mediate  Inference  is  the  inference  of  a  proposition  from 
two  others. 

Syllogism  is  the  name  given  to  the  "  combination  of  two 
propositions,  necessitating  a  third  in  virtue  of  their  mutual 
connection."     (Fowler.) 

The  word  "syllogism"  lite' ally  means  the  placing 
together  of  two  propositions  in  thought.  (Greek,  sun, 
together ;  logos,  thought.) 

Hence    "syllogism"    comes    to    be     synonymous    with 
"  mediate  inference."    Here  is  an  example  of  a  syllogism  : 
All   the  members  of  the  solar  system  are  subject  to 

gravitation  ; 
All  the  planets  are  members  of  the  solar  system, 
.*.  All  the  planets  are  subject  to  gravitation. 
The  conclusion  is  the  inferred  proposition. 
The  premisses  are  the  two  propositions    from  which   the 
conclusion  is  inferred. 

If  we  let  S  =  planets, 

P  m  bodies  subject  to  gravitation, 
and  M  ■  members  of  the  solar  system, 

the  following  diagram  explains  their  relation  : 


Because  M   is  included  in  P,  and  S  is  included  in  M,  it 
is  obvious  that  S  is  included  in  P. 

We  can   now  understand  why  the  term  mediate  is  used 


I40  II  ACllllK  S     LOGIC. 

to  describe  this  form  of  Inference.  The  relation  of  S  to  P 
is  inferred  mediately,  i.e.,  through  the  relation  of  each 
to  M.  The  three  propositions  of  a  syllogism  thus  contain 
three  terms,  one  of  which  is  the  connecting  link  between 
the  other  two. 

The  middle  term  is  the  term  with  which  the  other  two  are 
compared,  the  connecting  link,  the  M  of  our  example.  It 
must  occur  in  each  of  the  premisses  wherein  its  relation  to 
the  other  terms  is  stated.  It  must  not  occur  in  the  con- 
clusion, which  sets  forth  the  relation  between  the  other 
two  terms. 

The  major  term  is  the  predicate  of  the  conclusion. 

The  minor  term  is  the  subject  of  the  conclusion. 

The  fitness  of  the  descriptions  "  major  "  and  "  minor  " 
appears  from  the  diagram.  P,  the  predicate  of  the  con- 
clusion, is  evidently  a  wider  term  than  S,  the  subject. 

The  major  premiss  is  the  one  in  which  the  major  and 
middle  terms  occur. 

The  minor  premiss  is  the  one  in  which  the  minor  and 
middle  terms  occur. 

Arrangement  in  a  Syllogism. — When  the  propositions 
are  arranged  in  true  logical  order  the  major  premiss  comes 
first,  then  the  minor  premiss,  then  the  conclusion.  This 
order  is,  however,  very  rarely  adhered  to  in  common  inter- 
course ;  indeed,  it  is  only  when  we  require  to  test  the 
validity  of  our  mediate  inferences  that  we  throw  them  into 
syllogistic  form.  Not  only  is  the  strict  logical  order  departed 
from,  but  very  frequently  one  of  the  three  propositions  is 
not  formally  stated,  but  is  tacitly  assumed.  Since  we  wish 
to  apply  logical  principles  to  our  common  modes  of  thought 
and  expression,  we  may  with  advantage  examine  the  latter 
here,  and  reduce  them  to  a  logical  form.  We  will  give  three 
instances  in  which  the  logical  arrangement  is  departed  from, 
and  three  in  which  one  of  the  propositions  is  omitted. 

1.  Conclusion  placed  first.  -This  word  is  a-noijn  because 
it  is  used  as  a  name,  and  all  words  used  as  names  are  nouns. 

K\ pressed  as  a  syllogism  this  becomes  : 
All  words  used  as  names  are  nouns  ;  (Major  Premiss.) 
This  word  is  used  as  a  name,  (Minor  Premiss.) 

.-.  This  word  is  a  noun.  (Conclusion.) 

2.  Conclusion  placed  second. — Since  it  is  made  up  of  two 
substances,  water  cannot  be  an  element;  for  all  elements 
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consist  of  one  substance  only.  In  a  syllogism  this  becomes  : 
All  elements  consist  of  one  substance  ;  (Maj.  Premiss.) 
Waiter  does  not  consist  of  one  substance,  (Min.  Premiss.) 
.-.  It  is  not  an  element.  (Conclusion.) 

3.  Conclusion  placed  last,  but  the  Pvemisses  in  illogical  order. — 
This  water  is  surrounded  by  land,  and  all  water  surrounded 
by  land  forms  a  lake;  therefore  this  is  a  lake.  This 
becomes : 

All  water  surrounded  by  land  forms  a  lake ; 

(Maj.  Premiss.) 
This  water  is  surrounded  by  land,  (Min.  Premiss.) 

.-.   It  is  a  lake.  (Conclusion.) 

4.  Major  Premiss  omitted. —  ["  A  syllogism,  when  incom- 
pletely stated,  is  usually  called  an  enthymeme,  and  this  name 
is  often  supposed  to  be  derived  from  two  Greek  words  {en, 
in,  and  thumos,  mind),  so  as  to  signify  that  some  knowledge 
is  held  by  the  mind  and  is  supplied  in  the  form  of  a  tacit, 
that  is,  a  silent  or  understood  premiss."  (Jevons.)]  Example: 

"  This  is  an  aqueous  rock  because  the  strata  are  visible." 
This  is  an  enthymeme  of  the  first  order.  It  becomes,  when 
stated  in  full  : 

All  rocks  exhibiting  strata  are  aqueous  ; 

(Omitted  Maj.  Premiss.) 
This  rock  exhibits  strata,  (Minor  Premiss.) 

.-.  This  rock  is  aqueous.  (Conclusion.) 

5.  Minor  Premiss  omitted. — "  Teachers  in  schools  under 
Government  inspection  are  entitled  to  a  pension  ;  for  this  is 
the  right  of  all  servants  of  the  public."  This,  an  enthymeme 
of  the  second  order,  furnishes  the  following  syllogism  : 

All  servants  of  the  public  are  entitled  to  a  pension  ; 

(Major  Premiss.) 
Every  teacher  in  a  school  under  Government  inspection 
is  a  civil  servant,  (Omitted  Min.  Premiss.) 

.*.   Every  such  teacher  is  entitled  to  a  pension. 

(Conclusion.) 

6.  Conclusion  omitted. — This  form  is  most  frequently 
employed  when  it  is  either  more  desirable  or  more  effective 
to  suggest  a  conclusion  rather  than  to  express  it.  For  instance, 
speaking  of  a  person  known  both  to  myself  and  to  those  I 
am  addressing  I  might  say  :  "  All  sensible  people  drink 
moderately,  but  then  So-and-so  is  not  sensible."  It  is 
peculiarly  effective  when  the  suggestion  is  ironical;  Mark 
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Antony's  oration    over    the   dead    body  of   Caesar  furnishes 
numerous  excellent  examples  of  this. 

The  six  examples  which  have  been  examined  are  typical 
of  by  far  the  greater  number  of  the  mediate  inferences  we 
are  continually  drawing  ;  it  is  very  rarely  that  we  state  a 
deductive  argument  of  this  kind  in  its  formal  syllogistic 
form.  There  is  often  an  inversion  of  the  order  in  which  the 
propositions  are  placed,  and  much  more  often  the  omission 
o£  one  or  other,  generally  one  of  the  premisses.  The  reader 
may  be  inclined  to  ask  what  is  the  use  of  expressing 
inferences  in  the  form  of  syllogisms,  if  we  do  not  do  so 
ordinarily  ?     Three  reasons  may  be  given  : 

1.  The  premisses  must  both  be  present  in  the  mind,  though 

the  truth  of  one  or  other  may  be  so  obvious  that 
it  is  unnecessary  to  make  an  explicit  statement  of  it. 

2.  We  can  only  test  the  validity  of  our  mediate  inferences 

by  throwing  them  into  the  syllogistic  form, and  then 
applying  the  rules  which  we  shall  examine  in  the 
succeeding  chapter. 

3.  It   is   an    invaluable   aid  to    correct  reasoning  to   make 

a    formal     statement    of     the    grounds    of    our 

inferences. 
Canons  of  the  Syllogism  — Now  that  we  understand 
the  parts  of  a  syllogism  and  their  arrangement,  the  important 
question  arises  :  How  can  we  make  sure  that  our  mediate 
inferences  are  valid  ?  If  we  were  asked,  with  reference  to  a 
right-angled  triangle,  how  we  knew  that  the  square  on  the 
hypotenuse  is  equal  to  the  sum  of  the  squares  on  the  sides, 
we  should  probably  answer  that  this  was  proved  in  the  47th 
proposition  of  Euclid's  Elements  of  Geometry,  and  if  we 
were  further  pressed  as  to  why  we  accepted  the  proof  there 
given  we  might  say  that  this  and  all  other  theorems  of 
geometry  are  ultimately  based  on  a  few  self-evident  axioms. 
Now  there  are  three  self-evident  principles,  axioms,  or 
canons  which  bear  the  same  relation  to  syllogistic  reasoning 
as  the  axioms  we  have  referred  to  bear  to  geometrical 
reasoning.     They  may  be  stated  thus  : 

1.  "  Two  terms  agreeing  with  one  and  the  same  third 
term  agree  with  one  another." 

2.  "  Two  terms,  of  which  one  agrees  and  the  other  does 
not  agree  with  one  and  the  same  third  term,  do  not  agree 
with  one  another." 
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3.  "  Two  terms,  both  disagreeing  with  the  same  third 
term,  may  or  may  not  agree  with  one  another."  (Jevons.) 
Illustrations  :  of  the  first  canon  : 

(a)  "  Snowdon  ''  and  "The  highest  mountain  in  Wales" 
both  agree  with  "The  highest  mountain  in  Carnarvon." 
Hence,  the  two  former  agree  writh  one  another,  i.e.,  we  may 
say  that  Snowdon  is  the  highest  mountain  in  Wales. 

(b)  "  Jupiter "  and  "planet"  both  agree  with  "a  body 
revolving  in  an  elliptical  orbit  of  small  eccentricity  round 
the  sun."     Hence,  Jupiter  is  a  planet. 

Of  the  second  canon  : 

(a)  "  Earth  "  agrees,  "  Mars  "  does  not  agree,  with  "  a 
body  93,000,000  miles  from  the  sun.  There  is  here,  then, 
no  basis  for  any  agreement  between  the  earth  and  Mars. 

(b)  "  Planet  "  agrees,  "  Comet  "  does  not  agree,  with  the 
.  term  "  a  body    revolving    in    an    elliptical    orbit  of  small 

eccentricity  round   the   sun."      Hence,  a   comet  is   not  a 
planet. 

Of  the  third  canon : 

(a)  "  Sirius  "  and  "  Capella  "  both  disagree  with  the  term 
"  planet."  We  can  infer  nothing  from  this  fact,  though 
we  may  know,  on  other  grounds,  that  they  agree  in  many 
respects. 

(b)  "Wordsworth"  and  "Scott"  both  disagree  with 
the  term  "dramatist";  but  obviously  we  may  not  infer 
from  this  that  they  agree  or  differ  on  any  other  points. 

These  self-evident  truths  form  the  basis  of  syllogistic 
reasoning.  The  two  former  are  contained  in  a  single  axiom 
called  the 

Dictum  de  omni  et  nullo  :  literally,  a  statement  concerning 
all  or  none,  which  is  thus  expressed  : 

"  Whatever  is  predicated  of  a  term  distributed,  whether 
affirmatively  or  negatively,  may  be  predicated  in  like 
manner  of  everything  contained  under  it."     (Jevons.) 

Examine  the  second  illustration  of  the  first  canon  given 
above;   we  may  state  it  thus: 

All  bodies  revolving  round  the  sun  in  elliptical  orbits 

of  small  eccentricity  are  planets; 
Jupiter  is  such  a  body, 
.-.  Jupiter  is  a  planet. 
That  is,  what  we  can  predicate  affirmatively  of  every 
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body  so  moving  we  can   predicate  in   like  manner  of  any 
member  of  the  class,  e.g.,  Jupiter. 

Again,  examine  the  following  valid  inference: 

No  bodies  revolving  round  the  sun  in  elliptical  orbits 

of  small  eccentricity  are  comets  ; 
Jupiter  is  such  a  body, 
.*.   Jupiter  is  not  a  comet. 

That  is,  whatever  may  be  predicated  negatively  of  every 
body  so  moving  may  be  predicated  in  like  manner  of 
every  member  of  the  class,  e.g.,  Jupiter. 

These  two  illustrations  will  enable  the  reader  to  perceive 
that  the  dictum  expresses  the  same  truths  as  the  first  two 
canons. 

But,  just  as  we  have  rules,  say,  of  multiplication,  which 
are  ultimately  based  on  the  axioms  of  mathematics,  so  there 
are  rules  of  the  syllogism  which  are  derived  from  these  self- 
evident  canons.     These  will  occupy  the  next  chapter. 


SUMMARY   OF  CHAPTER  XXI. 

Definitions. — Mediate  Inference  is  the  inference  of  a  pro- 
position from  two  others.  A  syllogism  is  "  the  combination 
of  two  propositions,  necessitating  a  third  in  virtue  of  their 
mutual  connection."     (Fowler.) 

Hence,  mediate  inference  and  syllogism  are  practically 
synonymous.  The  conclusion  is  the  inferred  proposition.  The 
premisses  are  the  two  propositions  from  which  the  conclusion 
is  inferred.     Every  syllogism  consists  of  three  terms  : 

The  middle  term  is  the  term  with  which  the  other  two  are 
compared. 

The  major  term  is  the  predicate  of  the  conclusion. 

The  minor  term  is  the  subject  of  the  conclusion. 

Arrangement  in  a  Syllogism.— The  logical  order  in  a 
syllogism  is :  First,  major  premiss,  then  minor  premiss, 
then  conclusion.  This  order  is  very  rarely  adhered  to  in 
ordinary  intercourse.  The  omission  of  one  of  the  three  pro- 
positions gives  rise  to  an  Enthymeme.  This  may  be  defined 
as  an  abridged  syllogism.     If  the  major  premiss  is  omitted 
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it  is  of  the  first  order ;  if  the  minor  is  omitted,  of  the  second 
order ;  if  the  conclusion  is  omitted  of  the  third  order. 

It  is  advisable  frequently  to  throw  these  abridged  infer- 
ences into  the  form  of  a  syllogism,  because — 

(a)  The  three  propositions  must  be  present  in  the  mind, 

and  it  is  an  aid  to  clearness  of  thought,  and  to  correct 
reasoning  to  make  a  formal  statement  of  them. 

(b)  We  cannot  test  the  validity  of  our  mediate  inferences 

by  means  of  the  rules  of  the  syllogism  until  they 
are  expressed  in  full. 
Canons  of  the  Syllogism. — These  are  the  self-evident 
truths,  axioms  or  principles  on  which  syllogistic  reasoning 
is  based.     They  are  three  in  number : 

1.  Two  terms  agreeing  with  one  and  the  same  third  term 
agree  with  one  another. 

2.  Two  terms  of  wrhich  one  agrees  and  the  other  does  not 
agree  with  one  and  the  same  third  term,  do  not  agree  with 
one  another. 

3.  Two  terms,  both  disagreeing  with  the  same  third  term 
may  or  may  not  agree  with  one  another. 

The  dictum  de  omni  ct  nullo  ("  statement  concerning  all 
or  none  ")  is  a  single  axiom  or  canon  forming  the  basis  of 
syllogistic  reasoning.  It  may  be  stated  thus  :  "  Whatever 
is  predicated  of  a  term  distributed  wrhether  affirmatively  or 
negatively,  may  be  predicated  in  like  manner  of  everything 
contained  under  it. 


QUESTIONS   ON   CHAPTER   XXI. 

1.  Define  the  following  terms,  and  give  an  example  of 
each  :  Proposition,  premiss,  conclusion,  syllogism.  (2nd 
Year  Certificate,  1889.) 

2.  What  is  an  enthymeme  ?  Is  it  uncommon  ?  Give 
four  examples  of  enthymemes. 

3.  What  are  the  advantages  of  throwing  mediate  infer- 
ences into  the  syllogistic  form. 

4.  What  are  the  canons  of  the  syllogism  ?  Compare 
them  with  the  axioms  of  geometry. 

5.  State  the  dictum  de  omni  et  nullo.  Illustrate  it  by  means 
of  an  example. 

L 
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CHAPTER    XX11. 

Rules  of  the  Syllogism. 

Statement  of  the  Rules. — These  rules  are  divided  by 
Mr.  Keynes  in  his  formal  Logic  into  three  divisions. 

(a)  littles  which  describe  the  Syllogism. 

1.  Every  syllogism  contains  three,  and  only  three,  terms. 

2.  Every  syllogism  consists  of  three,  and  only  three, 

propositions. 

(b)  Rules  of  Distribution. 

3.  The  middle  term  must  be  distributed  once,  at  least, 

in  the  premi- 

4.  No  term  may  be  distributed  in  the  conclusion  which 

is  not  distributed  in  one  of  the  premisses. 

(c)  Rules  of  Quality, 

5.  From  two  negative  premisses  no  conclusion  follows. 

6.  If  one  premiss  is  negative  the  conclusion  must  be 

negative ;  and  to  prove  a  negative  conclusion,  one 
of  the  premisses  must  be  negative. 

Examination  of  the  Rules  in  Detail. 

Rules  7  and  2. — We  saw  in  Chapter  XXI.  that  in  mediate 
inference  a  conclusion  concerning  the  major  and  minor 
terms  is  reached  through  the  medium  of  a  third  middle 
term.  The  major  premiss  shows  the  relation  between  the 
major  and  middle  terms,  the  minor  premiss  the  relation 
between  the  minor  and  middle  terms,  and  the  conclusion 
states  the  relation  inferred  to  exist  between  the  minor  and 
major  terms.  So  that  there  can  be  but  three  terms  and 
three  propositions  in  this  form  of  reasoning.  These  two 
rules  are  in  fact  more  of  the  nature  of  descriptions  than 
rules;  but  the  word  "rule"  is  justified  by  the  fact  that 
four  terms  are  often  introduced,  with  the  result  that  the 
conclusion  is  invalid  This  is,  of  course,  not  done  know- 
ingly ;  it  is  due  to  the  fact  that  some  terms  are  ambiguous, 
i.e.,  have  more  than  one  meaning,  and  in  consequence, 
though  the  same  word  may  be  repeated,  yet  being  repeated 
in  a  different  sense  it  really  constitutes  a  distinct  term. 
Here  is  an  example  given  by  Jevons  : 
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"  What  is  right  should  be  enforced  by  law  ; 

Charity  is  right, 

.*.     Charity  should  be  enforced  by  law. 

M  Here  it  is  evident  that  right  is  applied  in  one  case  to 
what  the  conscience  approves,  and  in  another  case  to  what 
public  opinion  holds  to  be  necessary  for  the  good  of  society." 
(Elementary  Lessons  in  Logic,  p.  131.) 

Note  that  "what  is  right"  is  the  middle  term — since  it 
does  not  occur  in  the  conclusion — and  this  invalid  inference 
would  be  said  to  be  due  to  an  ambiguous  middle  term.  Here 
is  another  example  : 

All  laws  can  be  enforced  ; 

Universal  gravitation  is  a  law, 

.*.     Universal  gravitation  can  be  enforced. 

Obviously  the  word  "law"  is  ambiguous.  In  the  major 
premiss  it  has  its  legal  meaning,  in  the  minor  the  scientific 
meaning  of  a  uniformity.  Here  again,  then,  we  have  a 
fallacy,  i.e.,  invalid  inference,  resulting  from  violation  of 
the  first  rule  of  the  syllogism. 

Rule  3. — The  student  should  note  the  exact  meaning 
of  "distributed"  (see  page  127).  Examine  the  two 
following  propositions,  each  of  the  A  form,  i.e.,  a  universal 
affirmative  : 

All  solid  bodies  are  subject  to  gravitation. 
All  the  planets  are  subject  to  gravitation. 

We  might  now  be  inclined  to  draw  the  conclusion  that  all 
the  planets  are  solid  bodies.  But  though  we  may  know  this 
to  be  the  case,  the  premisses  do  not  warrant  such  a  conclusion. 
For,  to  illustrate,  the  relations  indicated  by  the  two 
propositions  may  be  thus  represented  by  a  diagram: 
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All  that  the  premisses  warrant  is  this  :  Each  class — 
solids  and  planets — is  included  in  the  wider  class  of  bodies 
subject  to  the  law  of  gravitation.  Whether  these  two 
classes  coincide,  altogether  or  in  part,  we  have  no  means  of 
learning  from  the  premisses;  and  since  in  deductive 
inference  we  may  infer  nothing  which  is  not  contained  in 
the  premisses,  we  have  no  warrant  that  the  planets  are  solid. 
The  student  will  have  noticed  that  in  each  premiss  the 
middle  term,  "  subject  to  the  law  of  gravitation,"  being  the 
predicate  of  an  affirmative  proposition,  is  undistributed. 
For  any  valid  inference,  then,  the  middle  term  must  be 
distributed  once  at  least. 

Rule  ■  /. — The  minor  term  is  the  subject  of  the 
conclusion.  An  invalid  inference  with  respect  to  this 
term—  called  an  illicit  process  of  the  minor — rarely  occurs. 
Thus  from  the  two  premisses — 

All  conjunctions  imply  a  relation  between  words  or 

sentences. 
Some  adverbs  are  used  as  conjunctions. 

We  should  not  be  likely  to  infer  either  that  all 
adverbs  imply  a  relation  between  words  or  sentences,  or 
that  none  do. 

The  major  term  as  the  predicate  of  the  conclusion  is 
much  more  subject  to  illicit  process.     Thus: 

All  conjunctions  imply  a  relation  of  some  kind: 

"  Beyond,"  in  the  phrase  "  homes  beyond  the  sea," 

is  not  a  conjunction, 
.*.     M  Beyond  "  does  not  imply  a  relation. 

Note  that  the  conclusion  being  negative  (see  Rule  6)  the 
predicate  is  distributed,  but  the  major  term  is  undistributed 
in  the  major  premiss,  hence  the  violation  of  the  rule  and 
consequent  fallacy. 

Rule    5. — This   is   but   a   convenient    way   of  expressing 
the  third  canon  of  the  syllogism.     Take  the  premisses  : 
No  English  mountains  are  volcanic. 
No  aqueous  rocks  are  volcanic. 

Two  terms  both  disagree  with  the  third  term 
"  volcanic,"  and  from  this  disagreement  we  can  infer 
nothing.  WTe  knowr  possibly  that  some  English  mountains 
are  of  aqueous  formation,  but  we  do  not  infer  this  from 
the  premisses. 
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Rule  6. — Let  S,  M,  and  P  stand  for  the  major,  middle, 
and  minor  terms  respectively.  If  S  agrees  with  M  and  P 
does  not,  then  S  and  P  cannot  agree  with  one  another. 
Hence  if  one  premiss  is  negative  (i.e.,  expresses  disagree- 
ment) the  conclusion  must  be  negative. 

Also  if  the  conclusion,  being  negative,  expresses  disagree- 
ment between  S  and  P,  one  of  them  must  disagree  with  M 
(not  both  by  Rule  5)  ;  that  is  to  say,  one  premiss  must  be 
negative. 

From  the  foregoing  rules  two  others  follow  as  corollaries. 
We  may  add  them  to  the  preceding. 

Rule  7. — From  two  particular  premisses  nothing  can  be 
inferred.  The  formal  proof  of  this  rule  and  the  next  is 
beyond  the  scope  of  this  work,  but  if  the  student  will 
examine  any  conclusion  apparently  drawn  from  particular 
premisses  he  will  find  that  one  of  the  Rules  3  and  4, 
referring  to  distribution,  will  have  been  violated. 

For  example  : 

Some  planets  have  satellites. 
Some  stars  have  satellites. 
.*.  Some  stars  are  planets. 

The  fallacy  of  undistributed  middle  is  committed — again — 
Some  planets  have  satellites. 
Some  stars  have  not  satellites. 
.*.  Some  stars  are  not  planets. 

The  fallacy  of  illicit  process  of  the  major  term  is  committed. 

Rule  8. — If  one  premiss  be  particular  the  conclusion  must  be 
particular. 

The  same  fallacies  are  committed  if  this  rule  is  violated, 
as  the  student  may  prove  for  himself. 


SUMMARY   OF   CHAPTER   XXII. 

Rules  of  the  Syllogism  : 

1.  A  syllogism  contains  three  terms  only. 

2.  It  contains  three  propositions  only. 

3.  The  middle  term  must  be  distributed  once  at  least. 

4.  No  term  may  be  distributed  in   the  conclusion  if  not 
distributed  in  the  premisses. 
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5.  From  negative  premisses  nothing  can  be  inferred. 

6.  If  one  premiss  is  negative  the  conclusion  is  negative  ; 
conversely,  to  prove  a  negative  conclusion  one  premiss 
must  be  negative. 

7.  From  two  particular  premisses  nothing  can  be 
inferred. 

8.  If  one  premiss  be  particular  the  conclusion  must  be 
particular. 

Fallacies  resulting  from  violation  of  these  rules  : 

1.  Fallacy  of  four  terms  by  violation  of  Rule  1. 

2.  Fallacy  of  undistributed  middle  by  violation  of  Rule  3 
always,  and  sometimes  by  violation  of  Rules  7  and  8. 

3.  Fallacy  of  illicit  process  of  the  major  term  by  violation 
of  Rules  4,  7,  and  8. 

4.  Fallacy  of  illicit  process  of  the  minor  term  by  violation 
of  Rules  4,  7,  and  8. 


EXERCISES   ON   CHAPTER   XXII. 

The  rules  of  the  syllogism  must  be  applied  to  a  number 
of  examples  if  they  are  to  be  appreciated.  The  student  is 
advised  to  test  the  following  arguments.      He  should — 

First,  arrange  the  argument  in  the  syllogistic  form. 
Secondly,  state  whether  the  conclusion   is  valid  or 

invalid. 
Thirdly,  if  invalid,  state  what  rules  it  break>. 

(The  letter  "  J  "  indicates  that  the  example  is  taken  from 
one  of  Jevons's  works,  the  letter  "  R  "  that  it  is  taken  from 
Rays  "  Deductive  Logic") 

1.  Every  metal  conducts  heat  ;  every  metal  conducts 
electricity,  therefore  every  substance  that  conducts  heat 
conducts  electricity. — (R.) 

2.  Nothing  is  better  than  wisdom  ;  dry  bread  is  better 
than  nothing,  therefore  dry  bread  is  better  than  wisdom. — (J.) 

3.  All  plants  are  organised  ;  no  crystals  are  plants,  there- 
fore no  crystals  are  organised. — (R.) 

4.  Blessed  are  the  merciful,  for  thev  shall  obtain  mercv. 

-r(J.) 

5.  Cogito  ergo  sum.     (1  think,  therefore  I  exist.) — (J.) 
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6.  Fishes  live  in  water  ;  whales  live  in  water,  therefore 
whales  are  fishes. — (R.) 

7.  Water  is  liquid  ;  ice  is  water,  therefore  ice  is  liquid. 
— (R.) 

8.  Comets  must  consist  of  heavy  matter ;  for  otherwise 
they  would  not  obey  the  law  of  gravitation. — (J.) 

9.  A  singular  proposition  is  a  universal  one,  for  it  applies 
to  the  whole  of  the  subject. — (J.) 

10.  "Whatever  is  dictated  by  Nature  is  allowable; 
devotedness  to  the  pursuits  of  pleasure  in  youth,  and  to 
that  of  gain  in  old  age,  are  dictated  by  Nature ;  therefore 
they  are  allowable."     Whately. — (R.) 

11.  Mathematical  study  undoubtedly  improves  the 
reasoning  powers ;  but,  as  the  study  of  logic  is  not  mathe- 
matical study,  we  may  infer  that  it  does  not  improve  the 
reasoning  powers. — (J.) 

12.  "  All  that  flitters  is  not  gold  ;  tinsel  glitters,  therefore 
is  not  gold."      Whately.  -  (K.) 

13.  The  theory  of  evolution  must  be  true  because  every    >^ 
scientific  man  worthy  of  the  name  believes  in  it.— (R.) 

14.  Since  the  laws  allow  everything  that  is  innocent,  and 
avarice  is  allowed,  it  is  innocent. — (R.) 

15.  Rational  beings  are  accountable  for  their  actions; 
brutes,  not  being  rational,  are  therefore  exempt  from 
responsibility. — (J . ) 

16.  "  Since  the  volume  of  every  body  may  be  diminished, 
we  conclude  that  all  bodies  possess  physical  pores." 
Ganot.  — (R.) 

17.  Books  are  a  source  both  of  instruction  and  amuse- 
ment; a  table  of  logarithms  is  a  book,  therefore  it  is  a 
source  both  of  instruction  and  amusement.  -  (J.) 

18.  Suicide  is  not  always  to  be  condemned,  for  it  is  but 
voluntary  death,  and  this  has  been  gladly  embraced  by 
many  of  the  greatest  heroes  of  antiquity. — (J.) 

19.  The  learned  are  pedants ;  A  is  a  learned  man,  there- 
fore A  is  a  pedant. — (R.) 

20.  All  presuming  men  are  contemptible  ;  this  man, 
therefore,  is  contemptible,  for  he  presumes  to  believe  his 
opinions  are  correct. — (J.) 
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CHAPTER    XXIII. 

M  I  X  E  D       SV  I-  LOO  ISMS. 

Disjunctive    and     Hypothetical    Propositions. — The 

judgments  which  entered  into  the  syllogisms  we  have  so  far 
examined  were  all  made  absolutely.  The  name  categorical 
has  been  given  to  the  propositions  which  give  expression  to 
unconditional  judgments,  and  all  the  judgments  and  proposi- 
tions we  have  been  so  far  concerned  with  are  categorical. 
It  frequently  happens,  however,  that  the  mental  attitude  of 
certainty  which  gives  rise  to  categorical  judgments  gives 
place  to  one  of  uncertainty  or  doubt.  When  this  is  the  case 
it  is  obvious  that  we  must  use  some  form  of  proposition 
distinct  from  the  categorical.     There  are  two  such  forms  : 

1.  Disjunctive  Proposition. — This  form  is  employed  when, 
instead  of  making  any  definite  single  predication  of  a  given 
subject,  we  predicate  two  or  more  alternatives. 

For  example  : 

(a)  Jones  is  either  a  Churchman  or  a  Nonconformist. 

(b)  Sirius  is  either  self-luminous  or  reflecting  or  dark. 

2.  Hypothetical"'-  or  Conditional  Proposition. — This  form  is 
employed  when,  though  we  are  sure  there  is  a  necessary 
connection  between  two  phenomena,  we  are  in  doubt  as  to 
whether  the  first  will  occur.     For  example  : 

(a)  If  dew  falls  the  grass  will  be  wet. 

(b)  When    sea-breezes  are  prevalent,    the   climate    is 

not  extreme. 

(c)  Provided  that   you  pull  the   trigger    of    a    loaded 

gun,  a  report  will  be  heard. 
Each  of  these  propositions  is  seen  to  consist  of  two  parts — 

(a)  The  Antecedent,  which  states  the  condition — intro- 

duced by  "if"  or  an  equivalent  word. 

(b)  The    Consequent,    which   states    the    result     of    the 

fulfilment  of  the  condition. 
When  either  of  these  two  forms  of  proposition  enters  with 

*  A  distinction  is  drawn  between  hypothetical  and  conditional 
propositions  by  some  logicians,  but  it  would  be  out  of  place  in  a  work 
of  this  kind. 
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a  categorical  proposition  into  a  syllogism  the  syllogism  is 
said  to  be  mixed.  We  proceed  to  examine  the  two  forms 
which  such  an  arrangement  gives  rise  to. 

1.  Mixed  Disjunctive  Syllogisms. — With  a  disjunctive 
proposition  as  a  major  premiss  we  may  combine  either  an 
affirmative  minor  or  a  negative  minor. 

1.  Minor  Premiss  Affirmative. — Here  is  an  example  : 

Jones  is  either  a  Churchman  or  a  Nonconformist ; 
He  is  a  Churchman, 
Therefore  he  is  not  a  Nonconformist. 
This  form  is   technically  called  the  modus  ponendo  tollens 
(the  mode  or  form  which  by  affirming  denies).     Now  it  is 
obvious  that  the  conclusion  is  only  valid  when  it  is  impossible 
for  both  alternatives  to  be  true  of  the  same  subject  ;  when, 
that  is,  they  are  mutually  exclusive.     This  is  the  case  in  the 
great  majority  of  instances,  but  if  it  should  be  doubtful  no 
conclusion  can  be  drawn.     Thus: 

The    energy   of  a   cricket   ball   is   either  kinetic  or 

potential ; 
In  the  case  of  this  moving  cricket  ball  it  is  obviously 

kinetic, 
Therefore  it  is  not  potential. 
Here  the  conclusion  is  not  sound,  for  a  cricket  ball  when 
moving  may  possess,  and  generally  does  possess,  both  forms 
of  energy. 

2.  Minor  Premiss  Negative. — Take  this  case: 

The    energy  of   a    cricket   ball   is   either   kinetic  or 

potential ; 
The  energy  of  the  ball  I  hold  in  my  hand  is  not  kinetic, 
Therefore  it  is  potential. 
The  technical  name  of  this  form  of  argument  is  the  modus 
tollendo  ponens  (the  mode  or  form  which  by  denying  affirms). 
This  form  is  always  valid,  for  if  one  alternative  be  denied 
the  other  must  be  affirmed. 

II.   Mixed    Hypothetical   Syllogisms. — With   a   hypo- 
thetical proposition  for  a  major  premiss  we   may  combine 
either  an  affirmative  minor  or  a  negative  minor. 
1.  Minor  Premiss  Affirmative. 

Here  is  an  example  such  as  a  teacher  often  employs  in  a 
grammar  lesson  : 

If  a  word  states  where  an  action  takes  place  it  is  an 
adverb. 
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The  word  "  there  "  in  the  sentence  "  There  stands  a 

church  "  does  so. 
Therefore  it  is  an  adverb. 
The  student  must  notice  carefully  that  in  the  minor  pre- 
miss the  antecedent,  is  affirmed.     Let  us  see  what  would  be  the 
result  of  affirming  the  consequent. 

If  a  word  states  where  an  action   takes  place  it  is  an 

adverb  ; 
The  word  "when  ''  is  an  adverb, 
Therefore  it  states  the  place  of  an  action. 
This  is  obviously  an   invalid  conclusion.     Affirming  the 
consequent  leads  to  an  invalid  inference.     We  may  seewhv 
the  former  syllogism  is  valid  and  the  latter  invalid  by  stating 
them  in  turn  in  the  categorical  form  and  applying  the  rules 
of  the  syllogism.     Thus  the  first  becomes  : 

All  words  stating  the  place  of  an  action  are  adverbs  : 
The  word  "  where  "  states  the  place  of  an  action, 
Therefore  it  is  an  adverb. 
No  syllogistic  rule  is  violated  here  and  the  argument  holds 
good.      Now  take  the  second  : 

All  words  stating  the  place  of  an  action  are  adverbs: 
"  When  "  is  an  adverb. 
Therefore  it  states  the  place  of  an  action. 
Here,   the   middle   term  "  adverh  "  is  undistributed,   and  the 
syllogism  is  invalid  by  Rule  3. 

2.  Minor  Premiss  Negative,  -  Example: 

If  the  head  is  injured  the  memory  becomes  defective  ; 
This  man's  memory  is  not  defective, 
Therefore  his  head  has  not  been  injured. 
This  argument  is  valid.     The  student  must  notice  that  it 
is  the  consequent  which   is  denied.     Suppose   the  antecedent 
is  denied  ;  thus 

If  the  head  is  injured  the  memory  becomes  defective  ; 
This  man's  head  is  not  injured, 
Therefore  his  memory  is  not  defective. 
This  is  a  fallacious  conclusion,  for   his  memory  may  be 
defective  from  other  causes,  e.g.,  old  age.     By  stating  these 
arguments  in  categorical  form  we  can  see  why  the  former 
is  valid  and  the  latter  invalid : 

The    circumstances    of   an     injured  head    are    the 

circumstances  of  a  defective  memory ; 
This  is  not  the  circumstance  of  a  defective  memory, 
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Therefore  it  is  not  the  circumstance  of  an  injured  head. 
Here  no  rule  of  the  syllogism  is  broken.     Now  examine 
the  second  argument : 

The    circumstances    of    an    injured    head    are    the 

circumstances  of  a  defective  memory  ; 
This  is  not  the  circumstance  of  an  injured  head, 
Therefore  it  is  not  the   circumstance   of  a  defective 
memory. 
In     this    case    the     major    term    is    distributed    in    the 
conclusion,  whereas  in  the  major  premiss  it  is  undistributed. 
Hence  there  is  the  fallacy  of  an  illicit  process  of  the  major  term. 
The  student   must  carefully  note   how  the  hypothetical 
premiss  is  expressed  in  a  categorical  form.     This  is  always 
possible. 

All  the  fallacies  incident  to  mixed  hypothetical  syllogisms 
may  be  avoided  if  the  following  rule  be  observed  : 

In  the  minor  premiss,  either  the  antecedent  must  be  affirmed  or 
the  consequent  denied. 

I  append  the  following  instances  of  this  form  of  mixed 
syllogism,  all  of  which  are  valid,  since  they  conform  to  the 
rule  just  given  : 

1.  If  dew  falls  the  grass  will  be  wet  ; 
The  grass  is  not  wet,  * 
Therefore  dew  has  not  fallen. 

2.  Where  sea  breezes  are  prevalent  the  climate  is  not 

extreme. 
Sea  breezes  are  prevalent  in  the  Canary  Islands, 
Therefore    the    climate    of    these    islands    is  not 

extreme. 

3.  Provided     that     the    conditions    of    labour    are 

improved,    the     working    man    will     be    more 

contented ; 
He  is  not  contented, 
Therefore    the     conditions    of    labour    are    not 

improved. 

4.  Whenever  the  quantity  of  aqueous  vapour  in  the 

air  is  very  small,  there  will  be  a  great  difference 
between    the    daily  maximum    and    minimum 
temperatures  ; 
The  air  over  the  Sahara  Desert  is  very  dry, 
Therefore  it  undergoes  great  changes  of  tempera- 
ture every  twenty-four  hours. 
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SUMMARY    OF    CHAPTER    XXIII. 

Definitions. — A  categorical  proposition  makes  an  uncon- 
ditional assertion. 

In  a  disjunctive  proposition  the  predicate  consists  of  two 
or  more  alternatives. 

In  a  hypothetical  or  conditional  proposition  a  necessary 
connection  between  two  phenomena  is  asserted,  but  the 
occurrence  of  the  first  is  left  doubtful. 

The  antecedent  states  the  condition.  It  is  introduced  by 
"  if,"  or  some  equivalent  word. 

The  consequent  states  the  result  of  the  fulfilment  of  the 
condition. 

A  mixed  syllogism  has  the  major  premiss  either  disjunc- 
tive or  hypothetical  and  the  minor  premiss  categorical. 

Mixed  Disjunctive  Syllogisms. — The  minor  premiss 
may  be  either  negative  or  affirmative 

1.  If  affirmative  the  argument  is  called  the  modus  ponendo 
tollens  (the  mood  which  by  affirming  denies).  This 
argument  is  only  \alid  when  the  alternatives  are  mutually 
exclusive. 

2.  If  negative  the  argument  is  called  the  modus  tollendo 
ponens  (the  mood  which  by  denying  affirms).  This  mood  is 
always  valid. 

Mixed  Hypothetical  Syllogisms.— One  rule  only  is 
necessary  for  these  syllogisms  :  either  the  antecedent  must 
be  affirmed  or  the  consequent  denied. 

Affirming  the  consequent  results  in  an  undistributed 
middle  term.  Denying  the  antecedent  results  in  illicit 
process  of  the  major  term. 


QUESTIONS    ON    CHAPTER    XXIII. 

1.  Distinguish  between  categorical,  hypothetical,  and 
disjunctive  propositions.  Give  two  examples  of  each. 
Explain  how  the  necessity  for  the  two  latter  arises. 

2.  Define  modus  ponendo  tollens  and  modus  tollendo  ponens. 


TEACHER  S     LOGIC.  157 

giving  an  example  in  each  case.   Under  what  circumstances 
does  the  former  lead  to  an  invalid  conclusion  ? 

3.  Give  the  rule  for  the  validity  of  hypothetical  syllogisms. 
State,  and  illustrate  by  means  of  examples,  the  fallacies 
which  are  committed  if  the  rule  be  broken. 

4.  Examine  the  following  arguments,  and  state  in  what 
respect,  if  any,  they  are  fallacious : 

(a)  All    rocks    are    either    crystalline    or    amorphous ; 

Some  aqueous  rocks  are  crystalline, 
Therefore  they  are  not  amorphous. 

(b)  Ice    is    neither    liquid    nor  gaseous,  for    it   is   solid, 

and  all  matter  is  either  solid,  liquid,  or  gaseous, 

(c)  Whenever  a  conjunction  introduces  a  causal  clause, 

it  is  to  be  classed  as  subordinative ; 

The  conjunction  "although  "  never  introduces  a 

causal  clause,  therefore  it  is  not  subordinative. 

(d)  Whenever  there  is  a  keen  demand  for  labour,  wages 

are  high  ;  the  wages  of  skilled  mechanics  are  high, 
hence  there  must  be  a  keen  demand  for  labour. 

(e)  If    two    similarly   electrified   bodies  be    brought    to- 

gether they  repel  each  other ;  these  two  bodies  are 
not  similarly  electrified,  therefore  they  do  not 
repel  each  other.     (Ray.) 

5.  Assuming  that  (i)  if  A  is  B,  C  is  D,  say  what 
inference,  if  any,  can  be  drawn  from  each  of  the  following 
further  statements:  (2)  But  A  is  B;  (3)  but  A  is  not  B; 
(4)  but  C  is  D  ;  (5)  but  C  is  not  D.  If  no  inference  can 
be  drawn,  give  the  reason.     (2nd  Year  Cert.,  1889.) 
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CHAPTER    XXI Y. 

(ii  \}j<\i.   Remarks  on  Deduction. 

We  have  now  considered  in  detail  some  of  the  different 
ways  in  which  premisses  may  be  combined  in  the  syllogism 
so  that  a  valid  conclusion  may  be  drawn.  It  will  be  useful 
to  consider  now  whether  the  syllogistic  form  is  the  one  we 
generally  employ  when  we  reason  ;  whether  the  u  short 
cuts  "  we  adopt  in  our  every-day  inferences  may  be  reduced 
to  the  form  of  a  syllogism;  whether  there  are  any  particular 
advantages  to  be  gained  by  so  reducing  them. 

Extent  to  which  the  Syllogism  is  Employed. 

1.  It  may  be  admitted  at  once  that  in  the  great  majority 
of  cases  we  do  not  distinctly  realise  two  premisses  and  a 
conclusion  when  we  draw  inferences  deductively.  We  saw 
above  (p.  140)  that  one  or  other  premiss  was  not  explicitly 
stated  in  a  great  number  of  cases,  and  it  is  neither  necessary 
nor  possible  that  the  mind  should  make  a  formal  progression 
from  the  major  premiss  through  the  minor  to  the  conclusion. 
Yet,  however  abridged  the  process  of  our  inference  may 
appear  to  be,  it  will  often  be  possible  to  throw  what  we 
realise  explicitly  and  what  we  accept  implicitly  into 
syllogistic  form.  We  may  conclude,  in  the  first  place, 
then,  that  the  syllogism  is  very  frequently  employed,  though  it  is 
very  rarely  fully  expressed. 

2.  In  discussing  the  rules  of  the  syllogism  we  saw  that 
one  essential  of  a  valid  conclusion  was  that  one  of  the 
premisses  must  be  universal.  From  two  particular 
premisses  nothing  can  be  inferred,  according  to  Rule  7. 
Now  it  was  maintained  by  Mill,  and  it  is  maintained  by 
many  logicians  of  to-day,  that  "  all  inference  is  funda- 
mentally from  particulars  to  particulars,"  and  therefore  that 
the  syllogism  does  not  truly  represent  the  nature  of  our 
inferences  at  all.  Let  us,  by  considering  an  example,  see 
what  this  exactly  means.  Suppose  a  child  is  called  upon 
to  name  all  the  adjectives  in  the  following  extract  : 

"  Born  in  a  provincial  town,  the  son  ot  humble  parents, 
educated    in    a    third-rate    grammar    school,  without    the 
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patronage  of  the  great  and  without  having  recourse  to  any 
unworthy  means  he  fought  his  way  to  the  highest 
distinctions." 

He  has,  we  will  suppose,  named  "  provincial,"  "  humble," 
"  third-rate,"  and  "  unworthy,"  and  is  in  doubt  about 
"grammar."  He  reasons  in  this  way:  "  grammar  "  per- 
forms the  same  function  as  "  provincial,"  "  humble,"  etc., 
and  since  they  are  adjectives,  this  word  must  be  an  adjec- 
tive also.  That  is  to  say,  he  infers  that  what  is  true  in  those 
particular  cases  he  is  sure  about,  is  also  true  in  this  one, 
since  it  resembles  the  former.  This  act  of  inference  may  be 
expressed  formally  thus  : 

"  Provincial,"  "  humble,"  etc.,  are  all  adjectives. 
"  Grammar  "  resembles  these  since  it  performs  the 

same  function, 
Therefore  "  grammar  "  is  an  adjective. 
Now  this  is  not  a  valid  syllogism  for  (a)  there  is  no 
universal  premiss,  and  (b)  there  is  no  stated  middle  term; 
yet  we  recognise  that  the  conclusion  is  a  correct  one,  and 
further,  that  we  reach  many  conclusions  in  this  way.  The 
fact  is  that,  though  we  may  or  may  not  recognise  it,  there 
is  a  universal  proposition  involved,  namely,  that  all  words 
which  qualify  or  limit  nouns  are  adjectives.  We  may  state 
the  whole  process  thus  : 

(1)   Provincial,    humble,    third-rate,    etc.,    are    all 
adjectives. 
.*.    (2)  All   words    which    limit    or    qualify    nouns    are 

adjectives. 
[N.B. — The  universal  truth  is  reached  inductively.'] 
The  word  "  grammar  "  limits  a  noun, 
(3)   Therefore  it  is  an  adjective. 
\N.B. — The  universal  is  applied  to  a  particular  case  by 
means  of  a  syllogism,  i.e.,  deductively.] 

It  is  clear  that  the  whole  process  of  inference,"  as  thus 
exhibited,  involves  both  an  induction  and  a  deduction.  The 
point  insisted  on  by  Mill  and  those  who  think  with  him  is 
that  the  mind  passes  from  (i)  to  (3)  without  ever  realising 
the  universal  truth  (2),  that  is  to  say,  in  such  cases  as  these 
the  syllogism  docs  not  represent  the  actual  mental  process. 
While  admitting  that  direct  inference  from  particulars  to 

*  See  page  69. 
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particulars  may  be  and  is  often  made,  it  is  of  the  utmost  .im- 
portance to  notice  that  the  process  may  be  shown  to  involve 
an  induction  and  a  deduction  ;  and  that  the  validity  of  the 
conclusion  will  depend  on  whether  it  is  correctly  deduced 
from  a  general  truth  inductively  established.  Thus,  though 
we  may  not  employ  the  syllogistic  form  to  draw  inferences  of 
this  kind  we  can  always  employ  it  to  test  them. 

3.  Though,  as  we  have  seen  in  the  preceding  paragraph, 
it  is  a  common  thing  to  lose  sight  of  the  universal  truth 
which  is  involved  in  our  inferences,  it  is  no  less  common  to 
remember  and  utilise  a  general  truth  though  we  may  have 
forgotten,  or  possibly  have  never  realised,  the  evidence  on 
which  it  is  based.  Thus  one  might  conclude  that  the  play 
of  "  Hamlet  "  might  be  read  with  advantage  by  everyone  on 
the  ground  that  all  Shakespeare's  plays  are  worthy  of  careful 
study.  We  should  make  the  universal  statement  the  basis 
of  our  inference,  though  we  have  never  read  more  than 
perhaps  half-a-dozen  of  Shakespeare's  plays.  In  such  a 
case  as  this  our  process  of  inference  is  exactly  opposite  to 
that  which  is  examined  above  ;  instead  of  drawing  a  con- 
clusion from  particulars  without  realising  the  universal 
proposition  involved,  we  make  an  inference  from  a  universal 
proposition  without  realising  the  particulars  on  which  it  depends. 

Advantages  of  Reducing  Inferences  to  the  Syllo- 
gistic Form.— The  reader  will  have  gathered  from  what 
has  just  been  said  that  many  of  our  inferences  are  made  in 
accordance  with  the  form  exhibited  in  the  syllogism  (pars.  1 
and  3),  while  inferences  from  particulars  to  particulars  may 
be  resolved  into  an  induction  followed  by  a  syllogism  (par.  2). 
It  will  be  well  to  state  here  what  are  the  advantages  of 
stating  arguments  syllogistically. 

1.  In  the  first  place  it  is  always  an  advantage  to  state 
explicitly  what  is  implicitly  involved*  in  thought.  In  this  way 
concepts  and  judgments  are,  as  it  were,  brought  out  into 
bold  relief,  so  that  the  outlines  of  the  former  are  made  more 
distinct,  and  the  relations  involved  in  the  latter  are  brought 
into  clearer  view.  The  relations  existing  between  the  major, 
minor,  and  middle  terms  are  thus  shown  most  prominently 
in  the  syllogism,  so  that  by  its  employment  there  is  a 
clarifying  of  the  understanding. 

2.  Secondly,  by  reducing  our  inferences  to  the  syllogistic 
form  we  provide  a  safeguard  against  fallacy.     The  student 
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wHl  have  remarked,  however,  that  the  purely  logical 
fallacies  which  result  from  violation  of  the  syllogistic  rules 
are  those  which  are  least  often  to  be  found. 

3.  Thirdly.  Perhaps  the  most  valuable  lesson  the  syllogism 
teaches  is  the  necessity  for  a  universal  element  in  all  mediate 
inference.  The  reader  will  now  appreciate  why  so  much 
importance  has  been  attached  to  the  inductive  methods  of 
establishing  general  truths.  Syllogistic  inference  cannot 
begin  until  universal  truths  have  been  reached;  and  error 
is  much  more  likely  to  arise  from  over-hasty  generalisation 
than  from  carelessness  in  theinterpretation  of  universal  truths. 

Deductive  Sciences. — The  reader  will  remember  that 
the  process  of  deduction  not  only  includes  the  interpretation 
of  general  laws,  but  the  tracing  of  the  effects  of  a  combination 
of  two  or  more  of  these  (see  p.  123).  When  we  speak  of 
deductive  sciences  we  employ  the  adjective  in  the  latter 
sense.  Some  of  the  most  remarkable  triumphs  of  the 
human  intellect  have  resulted  from  the  calculation  of  the 
ultimate  consequences  of  a  few  universal  truths  by  a  pro- 
cess of  deductive  inference.  Thus,  for  example,  have  the 
Sciences  of  Geometry,  Mechanics,  Algebra,  and  much  of 
Astronomy  been  built  up ;  and,  generally  speaking,  the 
more  deductive  the  method  of  procedure  of  any  science 
becomes  the  more  rapid  is  its  progress  and  the  more  certain 
are  its  predictions.  We  can  only  here  give  a  few  illustra- 
tions of  the  application  of  this  method. 

/.  In  Geometry. — Take  as  a  simple  example  the  second 
proposition  of  the  first  book  of  Euclid.  After  the  method 
of  construction  has  been  explained,  the  proof  that  the  part 
of  the  straight  line  cut  off  is  equal  to  the  given  straight 
line  is  given  thus  : 
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j  i.  AD  =  AE     -     -     -     (Definition  17). 
\    2.  AD  =  C         ...     (Construction). 
3.   AE  =  C         ...     (Axiom  1). 
Now  1  and  3  are  merely  the  abridged  expressions  of  two 
syllogisjns  which  we  may  express  in  full,  thus: 

(1)  All    radii   of   the    same   circle   are   equal    to   one 
another ; 
A  I )  and  A  E  are  radii  of  the  same  circle, 
Therefore  they  are  equal  to  one  another. 
(3)  All  things  which  are  equal  to  the  same  thing  are 
equal  to  one  another  ; 
AE  and  C  are  equal  to  the  same  thing, 
Therefore  they  are  equal  to  one  another. 
Statement  (2)  is,  of  course,  a  statement  of  fact,  not  of 
inference.       Thus,     by     combining     the     general     truths 
which    the  definition  and  the  axiom  contain  the  required 
result  is  reached.      In  this  way  the  whole  of  the  valuable 
results  which  the  science  of  geometry  contains  are  acquired. 
(N.B. — The'  teacher    will    now  recognise  why  it    is    so 
important  to  insist  that  his  pupils  shall  state  explicitly  the 
references — axioms,   postulates,    propositions,    etc. — which 
give    the    authority  for  particular  statements.     For  these 
supply  the  universal  major  premiss  of  the  syllogism  which 
is  involved.) 

2.  In  Mechanics. — We  will  examine,  for  the  purpose  of 
illustration,  the  way  in  which  the  position  of  a  stone  thrown 
horizontally  from  the  top  of  a  tower  is  arrived  at.     Suppose 
its  position  after  two  seconds  of  motion  is  required. 
The  method  of  determination  is  as  follows : 


Let  A  B  and  B  C  be  equal,  representing  the  horizontal 
distance  described  by  the  stone,  if  there  be  no  horizontal 
resistance,  in  the  first  and  second  seconds  respectively  .  .  . 
(first  law  of  motion), 
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Let  A  D  represent  the  vertical  distance  described,  if  there 
be  no  vertical  resistance (Law  of  gravitation). 

On  A  C  and  A  D  as  adjacent  sides  describe  the  parallelo- 
gram A  D  E  C. 

Then,  if  both  the  force  of  projection  and  the  force  of 
gravity  produce  their  effect  without  either  experiencing  any 
resistance,  the  stone  will  be  found  at  E. 

Now,  since  atmospheric  friction  always  resists  motion, 
let  F  C  represent  the  horizontal  distance  subtracted,  and 
G  D  represent  the  vertical  distance  subtracted  from  the 
distances  which  would  be  described  if  the  stone  moved  in  a 
vacuum (Law  of  atmospheric  resistance). 

On  A  F  and  A  G  as  ajacent  sides  describe  the  parallelo- 
gram AGH  F.  Then  H  will  be  the  position  of  the  stone 
after  two  seconds  of  motion. 

Here,  then,  we  see  how  the  three  laws  are  combined  and 
their  effect  calculated. 

3.  In  Astronomy. — As  a  third  illustration  we  will  show 
how  it  may  be  inferred  that  a  planet  is  always  moving 
towards  the  sun. 


Let  S  represent  the  position  of  the  sun  and  A  the  position 
of  a  planet.  Let  A  B  be  the  space  the  planet  describes  in  a 
short  interval  of  time,  and  let  B  C  be  an  equal  space  in  the 
same  straight  line  with  A  B  which  the  planet  would  describe 
in  a  succeeding  equal  interval,  provided  it  were  not  drawn 
out  of  its  course.     Let  B  D  represent  the  path  which  it  does 

M  2 
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actually  describe  in  the  second    interval.     Join  S  A,  S  B, 

S  C,  S  D,and  C  I).     Thus: 

AB  =  B  C,  (ist  law  of  motion.) 

.-.  Triangle  S  A  B  =  triangle  S  C  B.  (Euclid  I.  37.) 
But  triangle  SA  15  =  SBD,  (Kepler's  2nd  law.) 

.-.  Triangle  SCB  =  triangle  SBD,  (Euclid  axiom  1.) 
.-.  15  S  is  parallel  to  C  D.  (Euclid  I.  39.) 

That  is  to  say  the  planet  has  been  drawn  from  its  original 

course  along  AB  by  a  force  which  acts  along  C  D,  i.e., 

towards  the  sun. 

Here,  then,  w  e  have  the  effect  of  the  combination  of  a  law 

of  motion,  an  empirical  law  of  Kepler's,  and  the  general 

principles  of  geometry,  deductively  inferred. 


SUMMARY   OF  CHAPTER  XXIV. 

Extent  to  which  the  Syllogism  is  employed. 

1.  Reasoning  is  frequently  abridged  and  hardly  ever 
stated  with  the  propositions  in  logical  order,  yet  a  very 
great  number  of  our  mediate  inferences  are  syllogisms. 

2.  Inference  from  particulars  to  particulars  involves — if 
it  be  stated  in  full — both  an  induction  and  a  deduction  by 
means  of  a  syllogism. 

3.  We  hold  and  employ  many  general  truths  without 
knowing,  or  at  any  rate  realising,  the  evidence  on  which 
they  are  based.  These  can  only  be  applied  by  syllogistic 
inference. 

Advantages  of  the  Syllogistic  Form. 

1.  It  necessitates  an  explicit  statement  of  all  that  is  implicitly 
involved  in  mediate  inference.  Concepts  and  judgments  are 
rendered  more  distinct  and  adequate. 

2.  Our  inferences  are  more  securely  safeguarded  against 
fallacy. 

3.  The  greatest  advantage  of  the  syllogism  is  that  it 
makes  us  realise  the  necessity  for  a  universal  element  in  all 
mediate  inference. 

Deductive  Sciences When  a  science  is  deductive  it 

starts  with  a  few  general  truths,  and  by  combining  these 
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seeks  to  explain  the  complex  results  which  Nature  presents. 
Geometry,  Mechanics,  and  Astronomy  all  furnish  excellent 
examples  of  this  method — the  method  of  Synthesis  as  it  is 
sometimes  called. 


QUESTIONS   ON    CHAPTER   XXIV. 

1.  Does  the  syllogism  really  represent  the  mode  in  which 
our  mediate  inferences  are  made  ? 

2.  What  do  you  understand  by  the  statement:  "All 
reasoning  is  from  particulars  to  particulars"  ?  Can  such 
reasoning  be  reduced  to  the  syllogistic  form  ? 

3.  Indicate  briefly  the  extent  to  which  we  ordinarily 
employ  the  syllogism. 

4.  What  are  the  advantages  of  throwing  mediate 
inferences  into  the  syllogistic  form  ? 

5.  What  do  you  understand  by  a  deductive  science  ? 
Name  some  sciences  which  follow  the  deductive  method. 
Why  is  it  called  a  method  of  Synthesis  ? 

6.  Give  an  example  of  the  deductive  method  from 
arithmetic.  What  other  school  subjects  furnish  examples 
of  this  method  ? 

7.  By  what  process  of  reasoning  would  you  prove  that 
the  earth  is  round,  or  that  a  room  in  which  you  are  is  not 
empty,  but  filled  with  something,  or  by  examining  a  bird, 
that  it  was  an  animal  made  to  live  in  the  air?  What  name 
would  you  give  to  the  process  in  the  last  case  ? 

(2nd  Year  Cert.,  1895.) 

8.  Show  how  logical  form,  as  displayed  in  the  syllogism, 
tends  to  clearness  of  thought.        (2nd  Year  Cert.,  1898.) 
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CHAPTER     XXV. 

Hypotheses. 

The  student  who  has  followed  the  subject  thus  far  will,  I 
doubt  not,  have  concluded  that  the  most  striking  lesson 
Logic  teaches  is  just  this  :  That  the  powers  of  the  mind 
must  be  exercised  upon  the  world  that  is  about  us  with  the 
utmost  degree  of  care.  Conceptions  must  be  carefully  formed, 
terms  must  be  carefully  used,  judgments  must  be  carefully 
made,  inductions  must  be  carefully  reached,  and  deductions 
must  be  carefully  drawn.  Precision  and  rigidity  have  been 
demanded  in  every  exercise  of  the  intellectual  powers.  He 
will  experience  something  like  a  shock  when  he  hears  that 
one  of  the  most  potent  aids  to  the  interpretation  of  Nature  is 
supplied  by  the  imagination.  Strange,  it  must  seem,  a  priori, 
for  it  is  the  commonly-accepted  function  of  the  imagination 
to  carry  us  into  the  unreal,  the  unknown,  the  impossible  ; 
into  spheres  where  the  laws  we  know  are  not  ;  how  then 
can  it  aid  us  to  discover  the  laws  of  the  world  we  know  ? 

Two  suggestions  may  be  made  at  this  point  :  In  the  first 
place,  some  of  the  all-pervading  laws  of  Nature,  e.g.,  the 
law  of  universal  gravitation,  defy  even  the  power  of 
imagination  to  grasp  them  adequately.  Without 
imagination  we  could  never  hope  even  partially  to  realise 
them.  In  the  second  place,  though  Bacon  wrarned  us  not 
to  "  anticipate  Nature,"  the  history  of  science  has  shown 
that  it  is  by  imagining  the  manner  of  her  workings  that  we 
have  been  able  to  interpret  them.  It  is  by  means  of  happy 
guesses,  suggestions,  hypotheses,  that  our  rapid  advance  in 
knowledge  has  been  made. 

It  must  not  be  supposed,  however,  that  this  result  has 
been  due  to  unrestricted,  unregulated  exercise  of  the 
imagination.  On  the  contrary,  logic  has  something  to  say 
as  to  the  cases  in  which  it  should  be  employed,  and  insists, 
most  strongly,  that  the  conclusions  to  which  it  leads  must 
be  subjected  to  the  most  rigid  and  searching  examination. 
The  imagination  of  the  scientific  investigator  finds  most 
valuable  exercise  in  the  framing  of  hypotheses. 
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A  hypothesis  may  be  denned  as  "  any  supposition  which 
we  make  (either  without  actual  evidence  or  on  evidence  avowedly 
insufficient),  in  order  to  endeavour  to  deduce  from  it  conclusions  in 
accordance  with  facts  which  are  known  to  be  real."     (J.  S.  Mill.) 

The  words  "  hypothesis  "  and  "  supposition  "  are  exactly 
equivalent  in  meaning  and  derivation.  (Greek,  hypo,  under, 
and  thesis,  placing ;  Latin,  suppositio,  a  placing  under.) 

The  phraseology  of  Mill's  definition  suggests  that 
hypotheses  are  not  confined  to  scientific  investigation  ;  in 
fact,  we  are  continually  employing  them  to  solve  the 
problems  of  every-day  life.  Let  us  consider  them,  first,  as 
they  are  ordinarily  used,  next  as  aids  to  the  discovery  and 
explanation  of  the  laws  of  Nature,  i.e.,  in  their  scientific  use. 

Hypotheses  in  Every- Day  Investigations That  the 

hypothetical  attitude  of  mind  is  extremely  common  will 
appear  from  the  following  considerations: 

1.  The  existence  of  the  conditional  conjunction  "  if  "  and 
its  equivalent  in  other  languages  is  a  sign  that  this  doubtful 
attitude  is  commonly  adopted.  Words  are  only  created 
when  there  is  a  widely- felt  demand  for  them. 

2.  We  are  continually  making  hypotheses  in  our  forecast 
of  the  future,  e.g.,  if  the  barometer  falls  it  will  probably  rain; 

f  our  colonies  were  bound  more  closely  to  us  the  British 
nation  would  enjoy  a  sense  of  security  now  absent. 

3.  They  are  equally  common  in  our  interpretation  of  the 
past,  e.g.,  if  coal  is  of  vegetable  origin  plants  ought  to  be 
found  embedded  in  it  in  a  fossilised  condition.  That 
this  is  so  proves  the  hypothesis  to  be  correct. 

4.  We  use  them  to  solve  the  problems  of  the  present. 
Thus  :  suppose  that  in  a  certain  street  in  Liverpool  a  large 
number  of  cases  of  typhoid  fever  are  found.  These  are 
probably  due  either  to  impure  water  or  bad  drainage.  To 
come  to  a  decision  we  employ  and  test  each  hypothesis,  e.g.  : 

If  the  water  be  impure  analysis  will  show  it. 

If    the    drainage    be  bad  a  thorough  examination  will 

reveal  the  fact. 
One    or    other    hypothesis  becomes  after    investigation 

raised  to  the  rank  of  a  certainty. 

5.  They  are  employed  in  judicial  investigation  of  crime. 
To  illustrate  :  A  man  is  found  murdered  by  the  wayside.  In 
the  detection  of  the  criminal  one  hypothesis  after  another 
is  set   up  and  examined.     If  robbery  were  the  motive  no 
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valuables  will  be  found  on  the  body  ;  if  it  be  jealousy,  then 
the  man's  history  will  furnish  a  clue  ;  and  so  on. 

Hypotheses    in     Scientific      Investigations. —  The 

position  which  hypotheses  occupy  in  scientific  procedure 
will  be  made  clear  if  we  consider  briefly  the  changes  which 
the  methods  of  scientists  have  passed  through.  Three 
stages  may  be  broadly  distinguished. 

i.  In  the  first,  hypotheses,  or  theories,  as  they  were  called, 
were  adopted  without  sufficient  verification.  For  example  :  In 
the  Ptolemaic  system  of  astronomy  the  earth  was  supposed 
to  be  the  centre  of  the  universe,  with  all  the  other  celestial 
bodies  revolving  round  it.  When  the  peculiar  motions  of 
the  planets  were  not  found  to  accord  with  the  theory  it 
was  not  discarded  but  simply  modified  ingeniously  to  fit  in 
with  the  phenomena.  (See  Bacon, "  Essay  on  Superstition.") 

Again,  of  a  similar  character  was  the  theory  that  the 
universe  consisted  of  four  elements  — earth,  air,  fire  and 
water — and  a  fifth  called  the  quintessence.  The  absence 
of  experimental  forms  of  enquiry  at  this  early  stage  of 
science  left  theory  the  only  instrument  of  explanation. 

2.  In  the  second  stage  there  is  to  be  seen  a  strong  reaction 
against  theory.  General  truths  must  be  reached  by  inductive 
methods.  Bacon  is  the  great  exponent  of  this  school  of 
thinkers.  Though,  as  we  have  seen,  inductive  methods  of 
enquiry  are  most  valuable,  yet  it  is  perhaps  as  short-sighted 
to  imagine  that  science  can  proceed  altogether  inductively 
as  to  imagine  that  hypotheses  alone  can  explain  Nature. 

3.  In  the  third  stage,  which  takes  something  from  each 
of  the  preceding  ones,  it  is  recognised  that  induction,  hypo- 
thesis, and  verification  by  deductive  reasoning  constitute  a 

1  trinity    in    a    unity,    i.e.,   are    the    three   elements   of  true 

I  scientific  method. 

Hypotheses,  then,  have  been  raised  to  a  lofty  position 
amongst  the  handmaids  of  science.  Imaginative  insight,  a 
mind  fertile  in  theories,  is  an  essential  requisite  of  a  pioneer 
in  scientific  knowledge.  Newton,  though  he  gave  utterance 
to  that  oft-quoted  phrase  non  Jingo  hypotheses  (I  do  not  make 
hypotheses),  owes  his  position  partly  to  his  imaginative 
insight  and  partly  to  the  supreme  skill  with  which  he 
worked  out  his  theories  to  their  conclusion.  His  theory 
of  universal  gravitation,  though  he  established  it  as  a  law  of 
Nature,  furnishes  the  most  remarkable  instance  of  a  valuable 
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hypothesis  which  the  whole  body  of  scientific  knowledge  has 
to  show.  The  principle  of  the  conservation  of  energy,  the 
transference  of  solar  energy  by  means  of  the  all-pervading 
ether,  these  are  hypotheses,  now  firmly  established,  which 
have  illumined  many  of  the  dark  mysteries  of  Nature. 

The  part  now  played  by  hypotheses  is  clearly  shown  by 
the  following  quotation:  "When  facts  are  in  our  possession, 
we  frame  a  hypothesis  to  explain  their  relations,  and  by  the 
success  of  this  explanation  is  the  value  of  the  hypothesis  to 
be  judged."     (Jevons,  Principles  of  Science,  p.  504.) 

Requisites  of  a  Good  Hypothesis.—  "  Agreement  with 
fact  is  the  sole  and  sufficient  test  of  a  true  hypothesis.'"    (Jevons.) 

No  matter  how  stupendous  is  the  supposit'on — as  is  the 
existence  of  ether  pervading  all  space,  possessing  a  rigidity 
thousands  of  times  greater  than  that  of  steel,  and  yet 
offering  no  appreciable  resistance  to  the  motion  of  planets — 
it  may  be  accepted  if  it  leads  to  conclusions  in  conformity 
with  fact.  So  long  as  the  hypothetical  ether  explains  the 
phenomena  of  light  and  heat  it  may  be  accepted.  This  one 
condition,  however,  involves  others,  which  it  is  advisable  to 
give  separately.     These  are  thus  stated  by  Jevons  : 

1.  "  That  it  allows  of  the  application  of  deductive  reasoning  and 
the  inference  of  consequences  capable  of  comparison  with  the  results 
of  observation.'" 

It  would  be,  for  example,  useless  to  suppose  any  cause 
which  did  not  act  in  such  a  way  that  we  could  test  it — 
otherwise  there  would  be  no  limit  to  hypotheses.  Thus  we 
must  imagine  the  ether  capable  of  transmitting  vibratory 
motion  in  the  same  way  as  water  transmits  the  vibrations 
giving  rise  to  a  water  wave,  only  with  incredible  velocity. 

2.  "That  it  does  not  conflict  with  any  laws  of  Nature  or  op 
mind  which  we  hold  to  be  true." 

Otherwise  it  will  be  incumbent  on  the  framer  of  the 
hypothesis  to  disprove  the  laws  which  it  contradicts.  This 
condition  is  not  absolute,  for  many  hypotheses  now  accepted 
have  been  at  variance  with  wrhat  seemed  wTell-established 
truths.  Thus  the  theory  of  Copernicus  that  the  sun  was  the 
centre  of  the  solar  system  destroyed  the  Ptolemaic  theory 
that  the  earth  was  the  centre  of  the  universe,  after  the  latter 
had  been  held  for  hundreds  of  years.  The  condition  must 
be  taken  to  mean  that  it  would  be  difficult  to  disturb  the; 
well-established  laws  which  we  are  in  possession  of  to-day. 
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and  hypotheses  are  more  likely  to  be  true  if  they  conform 
to  them. 

3.  "  That  the  consequences  inferred  do  agree  with  facts  of 
observation." 

A  single  instance  of  disagreement  would  render  the 
hypothesis  worthless.  Thus,  if  a  comet  were  suddenly 
discovered,  and  observed  to  be  moving  out  of  conformity 
with  the  laws  of  motion,  we  should  have  to  discard  these. 
But  it  would  be  immeasurably  more  probable  that  an  error 
had  been  made  in  the  observation  than  that  the  laws  of 
motion  were  not  fulfilled. 

Kinds  of  Hypothesis. — We  may  distinguish  three  : 

1.  Constructive. — This  is  the  kind  of  hypothesis  we  have 
been  examining  ;  when  tested  thoroughly  such  a  hypothesis 
adds  to  the  general  body  of  knowledge.  Such  are  the 
established  hypotheses  of  science. 

2.  Descriptive. — This  term  applies  to  hypotheses  which  are 
not  put  forward  as  true,  but  as  aids  to  the  exposition  of  a 
subject ;  of  such  a  kind  is  the  fluid  theory  of  electricity. 

3.  Illustrative. — These  are  suppositions  which  we  know 
to  be  false,  but  which  enable  us  to  explain  complicated 
phenomena.  These  also  are  valuable  aids  to  exposition. 
Examples  are  : 

[a)  The   supposition    that  the  earth   is  stationary  in  order  to 

explain  the  daily  motion  of  the  heavenly  bodies. 

[b)  That  the  earth  is  stationary  and  Venus  is  moving  with  an 

angular  velocity  equal  to  the  excess  of  such  velocity  over  the 
earth's,  for  the  purpose  of  explaining  the  apparent  move- 
ment of  an  inferior  planet. 

[c)  A  similar  supposition  to  explain  the  apparent  motion  of  a 

superior  planet. 
{(I)  The  supposition  that  the  earth's  rotatory  velocity  is  increased 

in  order  to  see  what  effect  this  would  have  on  the  direction 

of  the  Trade  Winds, 
(f)  A  supposed  change  in  the  obliquity  of  the  ecliptic  to  see  how 

the  seasons  would  be  affected. 
(/)  All  those  hypothetical  devices  by  means  of  which  we  try  to 

realise  immense  magnitudes,  e.g.,  the  supposed  journey  of 

an  express  train  from  the  earth  to  the  sun,  to  form  some 

idea  of  what  93,000,000  miles  means. 

The  student  can  furnish  many  other  illustrations. 
Relation  of  the  Subject  to  Teaching. — The  following 
suggestions  are  offered  on  this  point  : 

1.  The  examples  of  illustrative  hypotheses  given  above 
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show  that  the  teacher  draws  on  them  largely  to  clear  away 
difficulties.  It  is  important  (a)  that  they  should  be  defined 
clearly — these  hypotheses  often  fail  in  their  purpose  because 
the  pupils  do  not  understand  exactly  what  they  are  to  suppose, 
(b)  that  it  should  be  clearly  understood  they  are  not  true. 

2.  Induction,  then  Hypotheses,  then  Verification,  is  the 
order  of  procedure  in  discovery  ;  it  may  be  adopted  with 
equally  good  results  as  the  order  of  exposition. 

This  is  a  most  important  point.  Suppose  the  teacher  is 
giving  a  lesson  on  the  law  that  "  Light  travels  in  straight 
lines."  The  method  one  is  accustomed  to  see  adopted  is 
this  :  A  few  experiments  are  performed  and  the  children  are 
led  to  proceed  inductively  to  the  law,  which  is  then  regarded 
as  established.  A  scientific  exposition  would  exhibit  the 
following  stages : 

I. 

1.  Shadows  of  various  kinds  are  observed.  \ 

2.  Three  pieces  of  cardboard  with  a 
small  hole  in  each  are  placed  so  that  the 
holes  are  exactly  in  a  line.  The  light  from  a  Facts  to  which  the 
candle  is  observed  to  pass  through  the  holes,  \inductive  process 
The  first  or  second  piece  is  moved  and  the  [  may  be  applied, 
light  is  arrested. 

3.  Inverted  images  are  produced  by  small 
apertures. 

II. 

The  children  suggest  the  possibility  that  |      Formation     of     a 
light  travels  in  straight  lines.  /hypothesis. 

III. 


Verification  of  the 


The  possible  positions  of  the  earth,  sun, 
and  moon  are  shown  on  a  diagram  or  by 
means  of  globes   placed   in   position.     The 

children  are  led  to  deduce  the  consequences     hypothesis  by  show- 
of  their  hypothesis,  i.e.,  the  possible  covering  Ving    that    inferences 
of  the  moon's  disc  by  the  earth's  shadow,  or     from  it  are  in  accord- 
the  shutting  of  the  sun's  disc  by  the  shadow  1  ance  with  facts, 
of  the  moon  falling  on  the  earth.     Does  this 
ever  happen  ?  Yes,  in  lunar  and  solar  eclipses.  / 

This  is  a  typical  example  of  a  large  number  of  lessons  in 
science  in  which  this  method  could  be  with  advantage 
employed. 

3.  It  is  extremely  desirable  that  the  imagination  should 
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be  cultivated  so  that  it  may  be  of  service  for  the  purposes  of 
discovery.  Not  because  there  may  be  a  budding  Newton 
amongst  our  pupils,  but  because,  as  we  have  seen,  the 
incidents  of  our  daily  life,  as  well  as  the  phenomena  of 
Nature,  are  continually  presenting  us  with  problems  which  a 
well-regulated  imagination  may  aid  us  to  solve. 


SUMMARY   OF  CHAPTER  XXV. 

A  Hypothesis  is  "any  supposition  which  we  make 
(cither  without  actual  evidence  or  on  evidence  avowedly 
insufficient)  in  order  to  endeavour  to  deduce  from  it 
conclusions  in  accordance  with  facts  which  are  known 
to  be  real."     (Mill.) 

Hypotheses  on  Every-Day  Investigations. 

1.  The  existence  of  the  conjunction  "if"  and  its  equiva- 
lents in  other  languages  is  certain  evidence  of  the  necessity 
felt  for  hypotheses. 

2.  They  occur  in  our  forecast  of  the  future. 

3.  Also  in  our  interpretation  of  the  past. 

4.  And  we  employ  them  tosolve  the  problemsof  the  present. 

5.  They  are  frequently  adopted  in  the  judicial  investiga- 
tion of  crime. 

Hypotheses  in  Scientific  Investigation. — Three  stages 
in  the  history  of  scientific  method  : 

1.  Hypotheses  or  theories,  as  they  were  called,  were 
adopted  without  sufficient  verification.  Examples  :  The 
Ptolemaic  theory  of  the  movements  of  celestial  bodies,  and 
the  theory  that  the  universe  was  composed  of  earth,  air, 
fire,  water,  and  the  quintessence. 

2.  Theories  were  to  be  discarded  and  all  investigation  was 
to  be  inductive.     This  was  the  Baconian  method. 

3.  The  method  now  generally  recognised  consists  in  the 
union  of  induction,  hypothesis,  and  verification  by  means  of 
deductive  inference  from  the  hypothesis. 
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Requisites   of  a   good   Hypothesis. — "Agreement  with 
fact  is  the  sole  and  sufficient  test  of  a  true  hypothesis."    (Jevons.) 
This  condition  involves  three  others  : 

1.  The  hypothesis  must  admit  of  the  application  of 
deductive  inference  so  that  its  consequences  may 
be  inferred. 

2.  It  must   not  conflict  with  known  laws  of  Nature  or 

mind. 

3.  The  consequences  inferred  must  agree  with  fact. 

Kinds  of  Hypothesis  : 

1.  Constructive. — These,  when  verified,  become  laws  or 
uniformities  which  add  to  our  knowledge  of  Nature. 
Example  :  The  undulatory  theory  of  light. 

2.  Descriptive. — These  are  not  put  forward  as  true,  but 
are  aids  to  the  exposition  of  a  subject.  Example :  The 
fluid  theory  of  electricity. 

3.  Illustrative. — These  are  known  to  be  false,  but  enable 
us  to  explain  complicated  phenomena.  Example  :  The 
supposition  that  the  earth  is  stationary,  in  order  to  explain 
the  daily  motion  of  the  heavenly  bodies. 

Suggestions  to  the  Teacher: 

i.  In  employing  illustrative  hypotheses  care  should  be 
taken  that — 

(a)  They  are  recognised  to  be  false. 

(b)  That    the    conditions    demanded     are     thoroughly 

grasped,  i.e.,  the  hypothesis  must  be  thoroughly 

understood. 
(2)  The  method  of  discovery : 

First  Induction, 

Then  Hypothesis, 

Then  Verification 
may,  with  advantage,  be  adopted  as  a  method  of  exposition. 

3.  The  cultivation  of  a  carefully-controlled  and  well- 
regulated  imagination  will  result  in  a  greater  power  and 
readiness  in  solving  the  problems  of  every-day  life. 
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QUESTIONS   ON  CHAPTER  XXV. 

i.  What  is  a  hypothesis  ?  Is  its  use  confined  to  scientific 
discovery  ? 

2.  Give  instances  of  the  employment  of  hypotheses  in 
every-day  investigations  ? 

3.  What  place  do  hypotheses  occupy  in  modern  scientific 
investigation  ? 

4.  How  would  you  describe  a  true  scientific  method  of 
investigation  and  explanation  of  Nature  ? 

5.  How  does  the  modern  method  of  investigation  differ 
from  the  methods  formerly  employed?  Discuss  the 
inadequacy  of  these  latter. 

6.  Can  you  abstract  any  suggestions  for  the  improvement 
of  your  own  methods  of  exposition  from  the  methods  now 
employed  in  the  interpretation  of  Nature  ?  If  so,  apply 
them  to  a  lesson  on  "  Refraction  of  Light." 

7.  What  are  the  requisites  of. a  good  hypothesis? 

8.  How  many  kinds  of  hypothesis  can  you  distinguish  ? 
Describe  each  and  give  illustrations. 

9.  All  inductive  investigation  consists  in  the  marriage 
of  hypothesis  and  experiment."  (Jevons.)  Discuss  this 
quotation. 

10.  What  practical  advantages  are  likely  to  result  from 
the  cultivation  of  a  regulated  and  controlled  imagination  ? 
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CHAPTER    XXVI. 

Explanation. 


The  word  "  explain  "  is  derived  from  the  Latin  verb 
planare,  lit.  to  flatten  or  make  level,  the  prefix  ex  meaning 
"thoroughly."  Thus,  "Explanation  is  literally  the  making 
plain  or  clear,  so  that  there  shall  be  nothing  uneven  or  obscure  to 
interrupt  our  view.'"     (Jevons.) 

The  Desire  for  Explanation  has  its  origin  in  the  fear 
of  the  unknwn.  An  isolated  {i.e.,  unexplained)  fact  may  be 
fraught  with  danger  ;  thus,  a  volcano  in  the  dark  days  of 
ignorance  often  produced  consequences  which  in  this  more 
enlightened  age  are  foreseen  and  avoided.  A  comet  of  the 
brilliant  type  would  be  a  cause  of  supreme  terror  to  many 
who  would  be  unable  to  connect  it  with  any  explained 
phenomena.  It  is,  however,  curiosity,  rather  than  a  sense  of 
personal  danger,  which  now  causes  us  to  seek  an  explana- 
tion of  exceptional  phenomena;  and  curiosity  may  be  taken 
to  include  every  degree  of  desire,  from  that  of  the  child  to 
the  ambition  of  the  scientist. 

Popular  View  of  Explanation. — Facts  are  popularly 
considered  to  be  explained  when  they  are  brought  "  into 
some  relation  with  other  facts  already  known,  or,  at  any 
rate,  better  known.''  (Venn.)  That  is  to  say,  as  soon  as 
they  cease  to  be  isolated  they  are  considered  to  be  explained  ; 
it  is  sufficient  if  they  can  be  brought  into  line,  so  to  speak, 
with  other  facts.     This  may  be  done  in  two  ways : 

1.  By   merely  generalising ;  e.g.,  if  a    child  asks,  "Why 

does  a  stone  fall  ?  "  the  question  is  answered  by 
saying,  "  All  stones  do  so." 

2.  By    stating   the  cause  of  an    event.       Thus  the   fact 

that  smoke  rises  in  a  chimney  would  be  explained 
by  saying  that  the  fire  creates  an  up-draught. 
The  event  is  no  longer  considered  unique  when 
its  cause  has  been  discovered. 

Scientific  View  of  Explanation. — This  does  not  differ 
in  principle  from  the  popular  view.    "  Scientific  explanation 
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consists  in  harmonising  fact  with  fact  or  fact  with  law  or 
law  with  law  "  (Jevons)  ;  the  essential  feature  in  this  view 
of  explanation  is  generalisation.  Scientific  explanation  differs 
from  popular  in  these  two  points:  (a)  It  insists  that  the 
relation  of  the  fact  to  be  explained  to  other  better-known 
facts  shall  be  stated  as  fully  and  precisely  as  possible,  (b)  It 
insists  that  the  general  law  or  lawrs  under  which  an  isolated 
phenomenon  is  brought  shall  be  the  widest  possible,  i.e., 
shall  be  laws  of  nature  (see  p.  77). 

Logic  recognises  two  modes  of  explanation  : 

I.  Inductive  Explanation  of  Individual   Facts. 

"  An  individual  fact  is  said  to  be  explained  by  pointing 
out  its  cause."     (Killick's  Handbook  to  Mill's  Logic.) 

The  scientific  view  of  explanation  here  corresponds  with 
the  popular  view;  but  the  following  precautions  are  insisted 
on  :  In  discovering  the  cause  the  inductive  methods  described 
in  Chapters  XV.  to  XVII.  are  to  be  employed,  while  in 
describing  it  the  strict  scientific  sense  in  which  the  word 
"  cause  "  is  understood  in  Logic  must  be  kept  in  view.  In 
fact,  just  as  the  popular  idea  of  causation  is  improved  upon 
in  science,  so  also  will  explanation  become  more  precise. 

II.  Deductive  Explanation  of  Laws. 

"  A  law  or  uniformity  is  said  to  be  explained  when 
another  law7  (or  laws)  is  pointed  out  of  which  that  law  is 
itself  but  a  result,  and  from  which  it  may  be  deductively 
inferred."     (Killick's  Handbook  to  Mill's  Logic.) 

Here,  again,  the  explanation  which  logical  science  demands 
is  much  more  precise  and  well  defined  than  that  which  is 
popularly  accepted.  For  example  :  the  uniformity  referred 
to  above,  that  smoke  rises  in  chimneys,  would  not  be  satis- 
factorily explained,  in  the  scientific  sense,  by  saying  that 
fires  create  an  up-draught.  It  would  be  necessary  to  show- 
that  this  phenomenon  is  a  consequence  of  these  laws : 

(a)  Heated  air  rises, 

(b)  Whenever    the    equilibrium    of    the    atmosphere    is 

disturbed   currents   are    set    up    to    restore    the 

equilibrium. 
Three  forms  which  deductive  explanation  may  take  have 
been  distinguished  by  Mill : 

(1)  A  complex  effect   may  be   explained  by  showing  it 

to  be  the  effect  of  concurrent  causes, 
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The  following  are  examples : 

(a)  The  curved  path  of  a  projectile  is  the  effect  of — 

(1)  The  force  of  projection  and 

(2)  The  force  of  gravity. 

(b)  The  path  of  a  planet  is  due  to  the  composition  of — 

(1)  The  onward  motion  in  a  straight  line,  i.e.,  along  the  tangent 

to  its  orhit  (due  to  the  so-called  centrifugal  tendency)  ; 

(2)  The  motion  towards  the  centre  of  gravity  of  the  solar  system 

(due  mainly  to  solar  attraction)  ; 

(3)  The  deviations  or  perturbations  (due  to  the  attractions  of 

other  planetary  bodies). 
{c)  The  direction  of  the  Ttade  Winds  is  explained  by  showing  that 
it  is  the  complex  effect  of — 

(1)  The  laws  governing  convection  currents  ; 

(2)  The  different  rotational  velocities  of  places  on  the  earth's 
surface  at  different  latitudes. 

(2)  An    effect    may     be     explained     by    showing    the 

existence  of  intermediate  links  between  it  and  the 
apparent  cause.     Examples : 

(a)  I  hear  my  name  and  turn  my  head  in  the  direction  whence 
the  sound  came.  Popularly,  the  utterance  of  my  name  would  be  said 
to  cause  the  turning  of  the  head  ;  but  we  know  there  are  many 
intermediate  processes :  the  air  must  transmit  the  vibrations  which 
the  vocal  organ  of  the  speaker  gave  rise  to  ;  the  ear,  with  its  nerves, 
must  transmit  the  vibration  to  the  brain  ;  the  sound  must  be 
recognised  ;  the  direction  must  be  judged  ;  and,  finally,  the  outgoing 
nerves  must  govern  the  contraction  of  those  muscles  which  turn  the 
head.  It  is  the  final  muscular  process  which  in  strictness  explains 
the  head  movement. 

{b)  So  also  there  are  many  intermediate  stages  between  the  pulling 
of  the  trigger  of  a  rifle  and  the  striking  of  a  target  by  the  bullet  ;  the 
heat  of  percussion  ;  the  chemical  combination  of  the  substances  of 
which  the  gunpowder  is  composed  ;  the  sudden  enormous  expansive 
force  of  the  generated  gases  and  the  flight  of  the  bullet  through  the 
barrel  and  the  air.  Yet  the  pulling  of  a  trigger  would  commonly  be 
given  as  the  cause. 

Here,  as  elsewhere,  the  value  of  logic  lies  in  the  fact  that 
it  demands  a  more  searching  examination  of  phenomena 
than  is  ordinarily  made,  in  order  that  our  ideas  may  exhibit 
a  closer  conformity  with  them. 

(3)  A  uniformity  is  explained  by  being  shown  to  be  a 

case  of  a  under  law.     Thus  : 

The  falling  of  a  stone  would  be  explained  by  saying  that  it  was  an 
instance  of  the  law  of  universal  gravitation.  Note  that  this  form  of 
explanation  is  exactly  the  same  in  principle  as  the  first  of  those 
commonly  accepted  (see  above).  It  consists  in  a  generalisation.  The 
scientific  explanation  has  the  advantage  of  making  the  generalisation 
as  wide  as  possible. 

N 
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Remarks  on  Explanation. 

1.  Popular  and  scientific  explanation  are  alike  at  bottom. 
The  object  of  each  is  to  link  the  particular  with  the  general, 
the  unknown  with  the  known,  what  is  isolated  and  unique 
wTith  what  is  co-ordinated. 

2.  Explanation  has  its  limits.     Thus — 

(a)  If  we  explain   an  effect   by  giving  its  cause,  the 

cause  itself  needs  explaining,  and  in  tracing  back 
the  links  in  a  chain  of  causes  we  reach  a  point 
beyond  which  we  cannot  proceed.  Thus,  in 
explaining  why  I  turn  my  head  when  I  hear  my 
name  spoken  we  cannot  say  how  the  mental  act 
of  judgment  causes  the  nerves  to  set  the  muscles 
at  work.  The  action  of  mind  on  matter  is 
unexplained. 

(b)  If  we  explain  by  generalising  there  are  some  wide 

laws  which  we  cannot  go  beyond.  We  cannot,  for 
instance,  find  any  wider  uniformity  under  which 
the  law  of  universal  gravitation  is  included. 

3.  The  teacher  must  distinguish  explanation  from 
definition.  The  latter  unfolds  the  meaning  of  a  word ;  the 
former  makes  clear  the  relations  which  exist  between  facts 
and  laws. 


SUMMARY  OF  CHAPTER   XXVI. 

The  Desire  for  Explanation  originally  arose  from  fear 
of  the  unknown.     Now  it  arises  from  curiosity. 

Popular  View  of  Explanation. — A  phenomenon  is 
popularly  considered  to  be  explained  when  it  is  brought 
into  relation  with  facts  already  known  or  better  known. 
This  may  be  done  either  by  (a)  generalising  or  (b)  stating 
the  cause. 

Scientific  View  of  Explanation. — This  is  identical  at 
bottom  with  the  popular  view.     It  insists,  however — 

(a)  That  the  generalisation  shall  be  the  widest  possible  ; 

(b)  That  the  relation   of  the   unknown    to    the    known 

shall  be  stated  as  fully  and  -widely  as  possible. 
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Inductive  Explanation  of  Facts. — This  consists  in 
stating  their  cause.     It  is  to  be  noted  : 

(a)  That    cause    is    understood    in    the    strict    scientific 

sense. 

(b)  That    the    inductive     methods     are    to    be    rigidly 

adhered  to  in  discovering  it. 

Deductive  Explanation  of  Laws. — A  derivative  law  is 
explained  when  it  is  deductively  inferred  as  a  consequence 
of  laws  of  Nature.  Three  forms  of  deductive  explanation 
may  be  distinguished  : 

(a)  A  complex  effect  may  be  deduced  from  concurrent 

causes. 

(b)  Intermediate    links    may    be    inserted    between    the 

supposed  cause  and  the  effect. 

(c)  A  uniformity   may   be  shown  to  be  but  a  case  of  a 

wider  law. 


QUESTIONS  ON  CHAPTER  XXVI. 

1.  When  is  a  phenomenon  popularly  regarded  as 
"  explained "  ?  How  does  the  scientific  view  of 
"  explanation  "  differ  from  the  popular  view  ? 

2.  Distinguish  between  inductive  and  deductive 
explanation. 

3.  Is  everything  "explainable"  in  the  logical  sense?  If 
not,  state  when  the  limits  of  explanation  have  been  reached. 
Give  an  instance  of  a  uniformity  which  cannot  be  explained. 

4.  Give  a  scientific  explanation  of  the  following  : 

(a)  The  direction  of  the  Trade  Winds. 

(b)  The  shape  of  a  candle-flame. 

(c)  The  penetration  of  a  target  by  a  bullet. 

(d)  The  fact  that  Logic  is  a  useful  science. 

(e)  The  Spanish-American  War. 

(/)  The  expansion  of  British  Colonies. 

5.  What  is  the  difference  between  (i)  a  description, 
(2)  a  definition,  and  (3)  an  explanation  ?  (2nd  Year  Cert., 
1898.) 

6.  What  forms  may  deductive  explanation  take  ?  Give 
examples. 

N  2 
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CHAPTER      XXVII. 

Common  Fallacies. 


Definition. — The  word  "fallacy"  is  used  with  a  variety 
of  meanings.  Frequently  it  is  employed  to  signify  the 
transgression  of  any  one  of  the  rules  of  logical  doctrine.  In 
this  sense  a  faulty  definition,  a  division  not  in  accordance 
with  rule,  an  unwarrantable  generalisation,  a  false  analogy, 
an  unverified  hypothesis,  are  all  instances  of  a  fallacy. 
Errors  of  this  kind  have  been  dealt  with  in  the  preceding 
chapters,  and  no  further  reference  will  be  made  to  them.  In 
a  stricter  sense  a  fallacy  means  a  transgression  of  a  rule  of 
inference,  and  the  fallacies  we  have  now  to  consider  fall 
most  readily  under  this  definition,  though  some  of  them  are 
errors  which  occur  in  the  premisses  rather  than  in  the  actual 
inference.  The  definition  which  seems  most  suitable  for 
our  purpose  is  the  one  given  by  Fowler  :  A  fallacy  is,  strictly 
speaking,  a  defective  inference,  but  the  word  IS,  by  common  usage, 
extended  to  any  error  either  in  the  premisses  or  in  the  conclusions 
of  our  arguments.      (Deductive  Logic,  p.  140.) 

There  are  three  classes  of  fallacy  from  which  we  shall 
select  the  more  commonly  occurring  types.  These  we 
proceed  to  examine. 

I.  Fallacies  due  to  Neglect  of  the  Laws  of  Deductive 
Reasoning. — The  most  important  of  these  have  been 
already  referred  to  (pp.  146-149).  A  few  further 
illustrations  will  help  to  make  them  clearer. 

(a)  Undistributed  middle. — This  fallacy,  a  breach  of  Rule  3 
of  the  syllogism,  is  of  frequent  occurrence.  The  following 
are  examples : 

1.  All  the  planets  revolve  round  the  sun  ; 
A  comet  revolves  round  the  sun, 
Therefore  it  is  a  planet. 

The  middle  term,  "  revolving  round  the  sun,"  is 
undistributed  in  both  premisses. 

1.  The  fixed  stars  are  self-luminous  ; 
The  sun  is  self-luminous, 
Therefore  it  is  a  fixed  star. 
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The  middle  term,  "  self-luminous,"  is  undistributed.  We 
should  have  just  as  much  ground  for  inferring  that  a  candle 
is  a  fixed  star  because  it  is  self-luminous. 

3.  Logic  is  a  mental  science  ? 
Psychology  is  a  mental  science, 

Therefore  Logic  and  Psychology  are  identical. 
The  middle  term,  "  mental  science,"  is  undistributed. 

4.  A  preposition  expresses  a  relation  ; 
A  conjunction  expresses  a  relation, 

Therefore  a  preposition  and  a  conjunction  perform 
the  same  function. 

(b)  Illicit  process  of  the  major  t.rm. — This  fallacy  consists, 
as  the  reader  may  remember  (see  p.  148),  in  distributing 
the  major  term  in  the  conclusion,  though  it  was  undistri- 
buted in  the  major  premiss.     Examples  : 

1.  Tidal  rivers  have  deltas; 
The  Nile  is  not  a  tidal  river, 
Therefore  it  has  no  delta. 

The  conclusion  being  negative  distributes  its  predicate, 
which  term  is  undistributed  in  the  major  premiss. 

2.  A  falling  barometer  is  a  sign  of  rain  ; 
This  barometer  does  not  fall, 
Therefore  it  is  not  a  sign  of  rain. 

We  know  as  a  fact  that  it  often  rains  with  the  barometer 
standing  high,  but,  were  this  not  so,  the  conclusion  is 
unwarrantable. 

3.  Where  volcanoes  are  found  there  earthquakes  occur ; 
There  are  no  volcanoes  in  England, 

Therefore  there  are  no  earthquakes  in  England. 
The  major  premiss  here  is  of  the  conditional  or  hypo- 
thetical form,  and  the  minor  premiss,  by  denying  the  ante- 
cedent, is  the  origin  of  the  fallacy  of  illicit  process  of  the 
major  term   (see  p.  154).      This  is  apparent  if  the  major 
premiss  is  reduced  to  the  categorical  form.     Thus  : 
3.  Volcanic  regions  are  earthquake  regions  ; 
England  is  not  a  volcanic  region, 
Therefore  it  is  not  an  earthquake  region. 

(c)  Illicit  process  of  the  minor  term. — The  fallacy  is  not  so 
common  as  the  two  preceding.  The  following  are 
examples  : 

1.  All  winds  which  cross  a  large  expanse   of  sea  are 
wet  winds  ; 
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The  westerly  winds  of  the  British  Isles  do  so, 
Therefore  all  westerly  winds  are  wet  winds. 
The  fallacy  is  very  apparent  when  the  argument  is  set 

out  in  syllogistic  form.      It  is  not  so  obvious  when  this  is 

not  the  case.     Thus  : 

2.  All  material  bodies  possess  the  properties  both  of 
extension  and  weight  ;  hence,  we  may  conclude  that  all 
extended  things  possess  weight.  This  is  a  fallacious  conclu- 
sion, for  it  is  not  true  of  a  shadow  for  example.  The  fallacy 
becomes  more  obvious  when  we  arrange  the  argument  in 
syllogistic  form  : 

All  material  bodies  have  weight ; 
All  material  bodies  are  extended, 
Therefore  all  extended  things  have  weight.     (Ray.) 
The  minor  term,  "  extended  things,"  is  distributed  in  the 
conclusion,  though  it  is  undistributed  in  the  minor  premiss. 

3.  All  Conservatives  are  supporters  of  the  Monarchy  ; 
All  Conservatives  are  supporters  of  the  Church, 
Therefore  all  the  supporters  of  the  Church  are  also 

supporters  of  the  Monarchy. 
In  this  case  the  fallacy  is  more  obvious. 
II.    Fallacies  due  to  Ambiguity  of  Language. 
(a)  Equivocation. — This  fallacy  arises   from  the  employ- 
ment of  the  same  term  (same  in    form,  that    is)    in  two 
different    senses    in    the    same    argument.       The    English 
language  contains  a  large  number  of  equivocal  or  ambiguous 
terms,  and  there  is  consequently  no  lack  of  opportunity  to 
commit  errors  of  reasoning  of  this  kind.     Of  course,  if  the 
same  word  is  used  in  different  senses  there  are  really  two 
terms,  and  in  that  case  the  fallacy  is  reducible  to  the  fallacy 
of  four  terms— a  violation  of  the  first  rule  of  the  syllogism. 
The    ambiguity    usually    lies   in    the    middle    term.      The 
following  are  examples  of  arguments  with  an  ambiguous 
middle  term  : 

1.  All  the  laws  of  England  may  be  avoided  by  residence 

in  Japan  ; 

The  succession  of  the  seasons  is  a  law  in  England, 

Therefore  the  succession    of  the   seasons   may  be 

avoided  by  residence  in  Japan. 

The  double  meaning  of  'Maw"  in  the  middle  term  is  very 

apparent.    In  the  major  premiss  the  word  is  used  in  the  legal 
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sense,  while    in    the    minor  premiss    it    has   the   scientific 
meaning  of  a  uniformity. 

2.  Conception  is  a  complex  mental  process  ; 

"  Paradise  Lost"  is  a  wonderful  conception, 
Therefore  it  is  a  complex  mental  process. 
The  middle  term  "  conception  "  is  applied  to  a  process 

in  the  major  premiss,  and  to  the  outcome  of  the  process  in 

the  minor. 

3.  Rocks  resist  the  wear  and  tear  of  the  sea  ; 

Mud  is  a  rock, 

Therefore  it  will  resist  the  wear  and  tear  of  the  sea. 
This  fallacy  is  typical  of  those  which  arise  through  the 
fact  that  some  words,  like  "  rock,"  have  a  popular  meaning 
which  is  distinct  from  their  scientific  meaning. 

In  these  three  instances  the  ambiguity  may  be  readily 
detected.  Sometimes,  however,  this  is  not  by  any  means 
easy.     The  following  example  is  given  by  Jevons : 

4.  "  He  who  harms  another  should  be  punished.     He 

who  communicates  an  infectious  disease  to  another 
person  harms  him,  therefore  he  who  communicates 
an  infectious  disease  to  another  person  should  be 
punished." 
The  validity  or  invalidity  of  the  conclusion  entirely 
depends  on  the  interpretation  which  is  put  on  the 
word  "  harms." 
(b)  Composition. — This    fallacy  arises    when    the    middle 

term    is    taken    distributively    in    the    major  premiss  and 

collectively  in  the  minor.     Examples  : 

1.  All  the  angles  of  a  triangle  are  less  than  two  right 

angles ; 
A  B  C,  A  C  B,  and  B  A  C  are  all  the  angles  of  a 

triangle, 
Therefore  they  are  less  than  two  right  angles. 

In  this  case  the  ambiguity  lies  in  the  word  "all." 
In  the  major  premiss  it  means  "every"  and  the 
middle  term  is  consequently  distributed;  in  the 
minor  premiss  it  means  "altogether,"  and  is  thus 
used  collectively. 

2.  Jevons,    referring    to    the    fallacy    of  composition, 

says :  "  We  must  not  argue  that  because  every 
member  of  a  jury  is  very  likely  to  judge 
erroneously   the  jury  as    a    whole  are  also   very 
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likely  to  judge  erroneously  ;  nor  that  because  each 
of  the  witnesses  in  a  law  case  is  liable  to  give  false 
or  mistaken  evidence  no  confidence  can  be  reposed 
in  the  concurrent  testimony  of  a  number  of  wit- 
nesses."     (Klementary  Lessons  in  Logic,  p.  173.) 
(c)  Division. — This  fallacy  is  the  converse  of  the  fallacy 
of  composition.     It  arises  when  the  middle  term  is  taken 
collectively  in  the  major  premiss  and  distributively  in  the 
minor.     The  following  are  examples  : 

1.  All  the  angles  of  a  triangle  are  equal  to  two  right 

angles ; 
A  B  C  is  an  angle  of  a  triangle, 
Therefore  it  is  equal  to  two  right  angles. 

The  fallacy  is  here  obvious. 

2.  Hypotheses  have  aided  the  progress  of  scientific 

knowledge  ; 
The  corpuscular  theory  of  light  is  a  hypothesis, 
Therefore  it    has   aided   the   progress   of  scientific 

knowledge. 

Here  "  hypotheses  "  in  the  major  premiss  means 
"  hypotheses  as  a  whole,"  and  there  is  no  ground 
for  concluding  that  every  hypothesis  has  for- 
warded scientific  knowledge. 

3.  Conservatives  are   in  favour  of  old-age  pensions; 

A  B  is  a  Conservative, 

Therefore  he  is  in  favour  of  them. 
An  unwarrantable  conclusion,  since  the  major  term  is 
only  predicated  of  Conservatives  as  a  party.  We  have  here 
"  an  example  of  a  very  common  source  of  deception.  A 
certain  people,  corporation,  or  society,  in  its  collective 
capacity,  has  certain  characteristics,  has  performed  certain 
acts,  passed  certain  resolutions,  or  is  known  to  have  expressed 
certain  sentiments  ;  hence  it  is  unreflectingly  supposed  that 
any  particular  individual  belonging  to  the  class  has  the  same 
characteristics,  participates  in  the  same  sentiments,  and  has 
joined  in  the  same  acts.  In  many  cases,  of  course,  he  may 
be  a  strong  dissentient,  and  may  have  actively  opposed  the 
measures  adopted."     (Fowler,  Deductive  Logic,  p.  150.) 

(d)  Accident. — This  fallacy  arises  when  a  term  is  taken 
simply  and  unconditionally  in  one  premiss,  while  in  the 
other  the  meaning  is  limited  by  some  condition  or  accident. 
The  following  are  examples  : 
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1.  All  men  have  a  right  to  advance  their  own  particular 

religious  views  to  others  ; 
Elementary  teachers  are  men, 

And  so  have  a  right  to  bring  their  own  opinions  on 
religion  before  their  pupils. 
The  middle  term  "men"  taken  unrestrictedly  in  the 
major  premiss  is  used  with  certain  limitations  in  the  minor. 
Elementary  teachers  are  "  men,"  it  is  true,  but  men  whose 
relation  to  their  pupils  makes  unrestrained  religious  teach- 
ing undesirable. 

2.  Whoever    administers  opium   to   another  deserves 

punishment ; 
A  physician  does  so  to  relieve  pain, 
Therefore  he  deserves  punishment. 

Obviously  the  major  premiss  does  not  apply  to  the 
particular  case  of  the  physician. 

3.  If  we  were  to  argue  that  death  is  to  be  avoided  by  all 
men,  and  therefore  by  physicians  as  well  as  others,  we  should 
commit  the  fallacy  of  accident.  This  fallacy  is  always 
possible  when  the  universal  premiss  is  of  the  nature  of  a 
general  rule,  to  which  exceptions  may  very  possibly  arise. 
Thus  it  is  true,  generally  speaking,  that  bicycling  is  beneficial 
to  health  ;  yet  it  is  just  as  true  that  there  are  many  to  whom 
this  form  of  exercise  is  positively  injurious. 

III.  Material  Fallacies. — The  first  class  of  fallacy  we 
examined  above  involved  a  direct  violation  of  one  or  other 
of  the  syllogistic  rules.  In  that  case  the  fallacies  were 
purely  logical.  In  the  second  case  the  ambiguity  of  language 
gave  rise  to  fallacies  all  of  which  could  be  reduced  to  the 
fallacy  of  four  terms,  though  some  knowledge  of  the  double 
meaning  of  the  terms  was  necessary  to  detect  the  fallacy. 
These  fallacies  are  hence  conveniently  described  as  semi- 
logical.  There  remain  now  fallacies  which,  since  the  error 
lies  rather  in  the  matter  of  the  argument  than  in  its  form, 
are  called  material.  We  will  examine  the  most  important 
kinds  of  material  fallacies. 

(a)  Irrelevant  Conclusion. — This  consists  in  reaching  a 
conclusion  which  has  no  direct  bearing  on  the  question  at 
issue.  The  Latin  name  for  this  fallacy  is  Ignoratio  Elenchi, 
that  is,  Ignorance  of  the  Refutation  of  any  conclusion.  The 
fallacy  is  often  committed,  not  through  ignorance  of  the 
point  at  issue,   but  through  an  intentional  ignoring  of  it. 
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Thus  it  is  an  effective  weapon  of  advocates  and  public 
speakers  who,  conscious  of  the  weakness  of  their  case,  wish 
to  turn  the  attention  of  their  hearers  to  some  other  point. 
Thus,  suppose  a  barrister  is  defending  a  youthful  clerk 
charged  with  theft.  If  he  find  it  difficult  or  impossible  to 
establish  the  innocence  of  the  prisoner  he  will  probably 
draw  attention  to  his  youth,  his  previous  character,  etc.,  to 
withdraw  attention  from  his  guilt.  Frequently  the  fallacy 
is  unconsciously  committed.  "  The  way  in  which  the 
theory  of  evolution  is  at  the  present  day  attacked  by  some, 
and  defended  by  others,  will  furnish  us  with  very  apt 
illustrations  of  this  fallacy.  On  the  one  hand,  many  popular 
speakers  and  writers  attempt  to  refute  it  by  arguments  which 
have  reference  only  to  its  consequences,  to  its  appearance  of 
absurdity,  and  to  the  prejudices  and  sentiments  of  the  people; 
and,  on  the  other,  many  of  its  defenders  attempt  to  prove 
it  by  arguments  which  are  no  better  than  the  former,  having 
reference  only  to  the  high  authority  of  the  scientific  men 
who  believe  in  it,  to  their  numerical  strength,  to  the 
grandeur  and  beauty  of  the  theory,  to  the  impossibility  of 
the  popular  doctrine  being  true,  and  so  forth.  Both  the 
opponents  and  defenders  of  the  theory  are  equally  guilty  of 
the  fallacy  of  I g no  ratio  Elenchi,  inasmuch  as  they  do  not 
address  themselves  to  the  facts  and  principles  really  bearing 
on  the  question."     (Ray,  "  Deductive  Logic,"  p.  239.) 

The  argumcntum  ad  kominem  is  an  instance  of  this  fallacy. 
It  consists  in  "  arguing  at  the  man  "  instead  of  refuting  the 
conclusions  he  sets  forth.  "  If  a  great  change  in  the  law  is 
proposed  in  Parliament,  it  is  an  Irrelevant  Conclusion  to 
argue  that  the  proposer  is  not  the  right  man  to  bring  it 
forward."  (Jevons,  "  Elementary  Lessons  in  Logic," 
p.  179.) 

7  he  argumcntum  ad  populum  consists  in  turning  the 
attention  of  an  audience  from  the  point  at  issue  by  an 
appeal  to  their  emotions.  Thus,  suppose  a  body  of  work- 
men strike  for  higher  wages.  Their  leaders,  instead  of 
setting  forth  reasons  why  they  should  accept  or  refuse  a 
certain  rate  of  pay,  will  sometimes  confuse  the  real  issue  by 
arousing  the  passions  of  their  hearers.  This  is  a  case  of  an 
Irrelevant  Conclusion. 

6.  Petitio  Principii  or  Begging  the  Question. — This  is  a  fallacy 
which  takes  its  name  from  the  fact  that  it  takes  for  grantee} 
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or  begs  a  premiss  which  is  identical  with  the  conclusion 
which  is  being  proved.  The  following  is  an  example  given 
by  Whateley :  "  If  anyone  argues  that  you  ought  to  submit 
to  the  guidance  of  himself,  or  his  leader,  or  his  party,  etc., 
because  these  maintain  what  is  right;  and  then  argues  that 
what  is  so  maintained  is  right  because  it  is  maintained  by 
persons  whom  you  ought  to  submit  to,  and  that  these  are 
himself  and  his  party."     (Elements  of  Logic.) 

Since  in  fallacies  of  this  kind  the  argument  comes  round 
to  the  starting  point  it  is  called  argument  in  a  circle.  It 
generally  occurs  in  the  course  of  a  long  speech,  when  the 
audience,  having  forgotten  the  exact  premisses  which  the 
speaker  assumed,  fail  to  recognise  that  the  conclusion  is 
contained  in  them. 

Question-begging  epithets  fall  under  this  class  of  fallacy. 
"  Thus,  though  the  matter  we  are  discussing  is  open  to 
dispute,  we  may  speak  of  a  nefarious  project,  a  laudable 
ambition,  an  astute  act,  a  far-sighted  policy,  and  so  on, 
attempting  by  means  of  a  carefully-selected  epithet  to 
assume  the  point  at  issue,  or  at  least  to  create  an  unfair 
prejudice  in  the  mind  of  the  hearer  or  reader  whom  we 
address."     (Fowler,  Deductive  Logic,  p.  146.) 


SUMMARY  OF  CHAPTER  XXVII. 

Definition. — The  word  "fallacy"  has  received  various 
interpretations.     It  is  applied — 

(a)  To  the  transgression  of  any  logical  rule  whatever. 

(b)  To  an  invalid  inference.     This  is  the  strict  meaning. 

(c)  To  a  defective  inference — whether  the  error  lies  in  the 
premisses  or  in  the  conclusion. 

Fallacies  due  to  Neglect  of  the  Laws  of  Deductive 
Reasoning. — The  most  important  of  these  are  : 

(a)  Undistributed  Middle.— The  fallacy  arises  when  the 
third  rule  of  the  syllogism  is  broken.  This  states  that 
the  middle  term  must  be  distributed  once,  at  least,  in 
the  premisses. 

(b)  Illicit  Process  of  the  Major  Term. — This  fallacy  occurs 
if  the  major  term  is    distributed    in    the    conclusion    and 
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undistributed  in  the  major  premiss.  N.B. — For  the  major 
to  be  distributed  in  the  conclusion  this  must  be  negative. 

(c)  Illicit  Process  of  the  Minov  Term. — A  corresponding 
irregularity  with  respect  to  the  minor  term  gives  rise  to  this 
fallacy. 

Fallacies  due  to  Ambiguity  of  Language.  —The  large 
number  of  equivocal  or  ambiguous  terms  in  the  English 
language  renders  this  a  frequent  source  of  fallacy.  If  a 
word  is  used  in  different  senses  in  the  two  premisses  the 
first  rule  of  the  syllogism  is  broken,  i.e.,  the  syllogism  really 
contains  four  terms : 

(a)  Equivocation  arises  from  employing  the  same  word  or 
words  in  different  senses  in  the  two  premisses.  Usually  the 
middle  term  is  the  ambiguous  one. 

(b)  Composition  is  the  fallacy  due  to  the  employment  of 
the  middle  term  distributively  in  the  major  premiss  and 
collectively  in  the  minor. 

(c)  Division  is  a  fallacy  which  is  the  converse  of  the 
preceding.  The  middle  term  is  employed  collectively  in 
the  major  and  distributively  in  the  minor  premiss. 

(d)  Accident. — This  fallacy  arises  when  a  term— usually 
the  middle  term — is  taken  simply  and  unconditionally  in 
one  premiss,  while  in  the  other  the  meaning  is  limited  by 
some  accident  or  condition. 

Material  Fallacies. — These  fallacies  do  not  arise  from 
a  breach  of  logical  rules,  but  from  some  irregularity  in  the 
matter  or  material  of  the  argument. 

(a)  Irrelevant  Conclusion  or  Ignovatio  Elenchi. — This  arises 
from  inability  or  unwillingness  to  recognise  the  point  to 
which  an  argument  should  be  directed.  It  is  the  refuge  of 
speakers  or  writers  who  wish  to  divert  attention  from  the 
intrinsic  weakness  of  their  case. 

The  argument um  ad  hominem  and  ad  popnlum  are  appeals 
addressed  to  the  emotions  of  an  individual  or  a  multitude 
respectively  with  the  object  of  obscuring  the  real  issue. 
These  are  popular  platform  weapons. 

(b)  Begging  the  question  or  pctitio  pvincipii  takes  its  name 
from  the  fact  that  it  "begs"  or  takes  for  granted  a  premiss 
which  is  the  very  point  to  be  proved. 

Question-begging  epithets  are  words — often  adjectives — 
which  insinuate  the  very  thing  that  the  person  using  them 
should  prove. 
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QUESTIONS  ON  CHAPTER  XXVII. 

The  following  arguments  are  all  fallacious.  The  reader 
is  recommended  first  to  arrange  the  argument  in  syllogistic 
form  and  then  to  state  which  fallacy  is  committed. 

i.  A  title  is  most  desirable,  for  it  is  an  honour,  and 
honour  is  the  most  desirable  of  all  things. 

2.  I  cannot  follow  this  man's  advice,  for  his  acts  are 
contrary  to  his  propositions. 

3.  It  cannot  be  true  that  Shakespeare  has  gained 
immortality,  for  all  men  are  mortal. 

4.  Five  is  one  number;  three  and  two  are  five,  there- 
fore three  and  two  are  one  number. 

5.  Three  and  two  are  two  numbers ;  five  is  three  and 
two,  therefore  five  is  two  numbers. 

6.  I  can  afford  to  buy  these  books.  I  can  afford  to  buy 
these  pictures.  I  can  afford  to  buy  these  statuettes.  The 
books,  the  pictures,  and  the  statuettes  are  all  that  I  at 
present  wrish  to  buy.  I  can,  therefore,  buy  everything 
that  I  want  to  buy. 

7.  All  the  discoveries  that  science  has  made  during  the 
last  fifty  years  would  take  days  to  enumerate ;  astronomy 
is  to  be  numbered  among  the  sciences  which  has  made 
many  discoveries  in  that  period,  and  these  would  therefore 
take  days  to  enumerate. 

8.  Everything  is  allowed  by  law  which  is  morally 
right ;  indulgence  in  pleasure  is  allowed  by  law,  therefore 
indulgence  in  pleasure  is  morally  right.     (Jevons.) 

9.  Night  invariably  precedes  day,  and  therefore  must  be 
the  cause  of  day. 

10.  He  has  no  appreciation  of  beauty,  for  he  has  no  taste 
for  pictures.     (Fowler.) 

11.  This  story  is  too  good  to  be  true. 

12.  The  law  of  universal  gravitation  must  be  true,  for  it 
is  the  discovery  of  Newton,  our  greatest  philosopher. 

Other  arguments  to  be  tested  will  be  found  on  pp.  150, 
i5f- 
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ANSWERS   TO  QUESTIONS. 

It  may  be  of  some  advantage  to  those  who  have  for  the 
first  time  taken  up  the  subject  of  logic  to  have  for  their 
guidance  a  few  answers  which  shall  be  typical  of  those 
which  the  questions  proposed  year  by  year  to  students  in 
training  colleges  demand. 

Accordingly  I  append  the  following.  The  questions  are 
quoted  in  full. 

i.  What  is  meant  by  a  perfect  definition,  and  what 
processes  of  thought  are  involved  in  framing  one  ?  Give 
examples  of  good  and  of  imperfect  definitions,  and  assign 
your  reasons.  How  far  is  it  desirable,  if  at  all,  to  require 
definitions  to  be  learnt  by  heart  ?     (Certificate,  1892.) 

Since  "definition,"  in  the  strict  sense  in  which  it  is 
understood  in  logic,  is  the  explicit  statement  of  the  connota- 
tion of  a  term,  we  may  regard  any  definition  of  a  term  as 
"  perfect  "  if  it  gives  a  clear  and  adequate  idea  of  the 
meaning  of  a  term.  This  is  usually  accomplished  most 
satisfactorily  and  economically  by  regarding  the  term  to  be 
defined  as  a  species  and  predicating  of  it — 

(a)  The  nearest  or  proximate  genus  ; 

(b)  The  differentia  which   distinguishes  it  from  other 

species  included  under  the  same  genus. 
This  if  called    definition   per  genus  et  differentia**.     As 
examples    of    good    definitions    we    may    give    the    two 
following : 

(a)  A  noun  is  a  word  used  as  the  mark  of  a  thing. 

(b)  A  ratio  is  the  relation  of  one  thing  to  another  with 

respect  to  magnitude. 

In  both  cases  the  meaning  of  the  term  is  made  definite  by 
making  prominent  the  genus  to  which  it  belongs  and  the 
distinguishing  feature — the  differentia — of  the  species. 

The  two  following  definitions  are  imperfect : 

(a)  A  meteor  is  a  shooting  star. 

(b)  Friction  is  that  which  destroys  motion. 
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In  the  latter  case  the  definition,  by  omitting  the  genus, 
fails  to  give  distinctness  to  the  idea.  It  does  not  state  the 
class  of  things  to  which  friction  belongs.  In  the  former 
case  the  genus  "  star  "  is  too  wide,  besides  being  inaccurate, 
though,  of  course,  Logic  does  not  tell  us  this.  Again, 
"shooting"  suggests  a  parallel  which  is  somewhat  mis- 
leading, the  definition,  in  fact,  breaking  the  rule  which  says 
that  metaphorical  terms  must  not  be  employed. 

Observation,  analysis,  comparison,  abstraction,  and 
synthesis  are  all  employed  in  the  framing  of  a  definition. 
Under  careful  direction  the  exercise  of  these  faculties  should 
lead  a  child  to  frame  a  definition  himself,  and  in  so  far  as 
this  is  done  no  learning  by  heart  is  needed.  It  often  happens, 
however,  that  the  teacher  must  remodel  the  definition  into  a 
desirable  form,  and  this  may  be  committed  to  memory.  But 
no  exercise  of  memory  can  compensate  for  the  pupil's  own 
individual  search  for  the  definition. 

2.  Explain,  and  illustrate  by  examples,  the  use  of  the 
terms — Ambiguity,  Convertible,  Categorical,  Hypothesis, 
Inference.     (Certificate,  1892.) 

Ambiguity. — This  word  is  applied  to  a  fallacy  which 
results  from  the  employment  of  the  same  word  in  different 
.senses  in  the  same  argument.  The  following  syllogism 
illustrates  this  : 

All  criminal  actions  ought  to  be  punished  by  law  ; 
Prosecutions  for  theft  are  criminal  actions, 
Therefore    prosecutions    for    theft     ought     to     be 
punished  by  law. 

It  is  evident  that  the  middle  term  "  criminal  actions  "  is 
used  in  two  distinct  senses,  and  is  therefore  ambiguous. 

Convertible. — The  two  terms  of  a  proposition  are  said  to 
be  "  convertible  "  when  they  may  be  transferred  so  that  the 
original  subject  becomes  the  predicate  and  the  original 
predicate  the  subject  without  change  or  loss  of  meaning. 
This  is  possible  with  E  and  I  propositions.     Thus  : 

E.  No  planets  are  fixed  stars,  becomes  by  conversion 

No  fixed  stars  are  planets. 
I.  Some  metals  are  brittle  substances,  becomes 
Some  brittle  substances  are  metals. 

Categorical. — This  term  is  applied  to  propositions,  and 
consequently  judgments,  which  are  unconditional.  Every 
proposition  given  as  an  example  in  this  answer  is  categorical. 
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Hypothesis. — This  name  is  given  to  any  supposition  made 
for  the  purpose  either  of  explaining  any  phenomenon  of 
which  the  cause  cannot  be  inductively  determined,  or  of 
making  some  difficult  conception  more  possible  of  realisation. 

Inference  in  the  widest  sense  means  the  passing  from  one 
or  more  judgments  to  another. 

3.  Distinguish  between  the  meaning  of  the  terms  Abstract 
and  Concrete,  and  show  the  application  of  these  terms  (1)  to 
parts  of  speech  and  (2)  to  arithmetic.  Say  what  is  the  use 
of  the  distinction.     (Certificate,  1892.) 

Abstract  and  Concrete  constitute  an  exhaustive  division  of 
terms.  A  concrete  term  is  the  name  of  a  thing,  that  is,  of 
whatsoever  possesses  attributes.  An  abstract  term  is  the 
name  of  an  attribute  considered  apart  from  the  thing  in 
which  it  is  found. 

Nouns  are  divided  into  concrete  and  abstract  on  the 
ground  of  the  distinction  just  described.  Thus  "  picture" 
is  a  concrete  noun,  while  if  we  speak  of  the  "  beauty  "  of  a 
picture  we  employ  an  abstract  noun.  Some  confusion  often 
arises  on  this  point,  since  grammarians  frequently  define 
an  abstract  noun  as  the  name  of  a  thing  which  has  no  real 
existence,  or  which  has  no  existence  outside  the  mind.  But 
in  the  logical  sense  thought,  day,  soul  are  all  concrete  terms, 
though  each  stands  for  a  mental  unity. 

In  Arithmetic  the  term  "abstract"  is  employed  to  cases 
where  no  reference  to  anything  possessing  magnitude  is 
made.  Thus,  if  I  say  "  Three  and  two  make  five,"  each 
number  is  abstract.  The  expression  is  said  to  be  concrete 
if  specific  reference  to  some  thing  or  things  is  made.  Thus, 
if  I  say  "  Three  shillings  and  two  shillings  make  five 
shillings,"  I  am  employing  concrete  expressions. 

The  importance  of  the  distinction  is  twofold  :  In  the  first 
place,  this  division  of  terms  tends,  like  all  other  logically- 
formed  divisions,  to  render  thought  clear  and  adequate. 
Whatever  tends  to  bring  out  the  exact  import  of  terms  is 
a  most  valuable  aid  to  correct  thought. 

In  the  second  place,  the  distinction  which  obtains  in 
arithmetic  is  a  guide  to  method.  The  power  of  dealing 
with  abstract  quantities  is  not  developed  until  considerable 
experience  of  numerical  relations  among  concrete  quantities 
has  been  gained.  "  The  concrete  must  precede  the  abstract," 
is  an  aphorism  of  method. 
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4.  Explain  with  illustrations,  the  difference  between  the 
contrary  and  the  contradictory  of  a  proposition.  (Certifi- 
cate, 1893.) 

Examine  the  following  instances  of  the  four  kinds  of 
proposition  which  arise  from  considerations  of  quality  and 
quantity  : 

A     Universal  Affirmative.     All  metals  are  brittle. 

E     Universal  Negative.     No  metals  are  brittle. 

I       Particular  Affirmative.     Some  metals  are  brittle. 

O     Particular  Negative.    Some  metals  are  not  brittle. 

It  is  evident  that  the  following  pairs  of  propositions  are 
incompatible,  i.e.,  they  cannot  both  be  true  at  the  same 
time.  A  and  E,  A  and  O,  and  E  and  I.  But  it  is  also  true 
that  the  incompatibility  is  not  quite  the  same  in  all  three 
cases.  Thus  A  and  E  cannot  both  be  true,  but  they  may 
both  be  false.  This  is  called  contrary  opposition,  and  each 
proposition  is  said  to  be  the  contrary  of  the  other.  Of  the 
pairs  A  and  O  and  E  and  I,  one  must  be  true  and  the  other 
false.  This  is  called  contradictory  opposition,  and  each 
proposition  is  the  contradictory  of  the  other.  It  is  obviously 
much  easier  to  establish  the  contradictory  of  any  given 
proposition  than  the  contrary,  since  the  latter  expresses  the 
greatest  possible  divergence.  The  difference  may  be 
illustrated  by  the  square  of  opposition.     (See  p.  134.) 

5.     Give,  with  explanations,  some  examples  of — 

(a)  Categorical  and  hypothetical  propositions  ; 

(b)  Distributed  middle  term  ; 

(c)  Abstraction  and  generalisation.  (Certificate,  1893.) 
(a)  A    categorical  proposition    is    one   which    makes    an 

unconditional  assertion.     It  is  the  expression  of  a  definite, 
unqualified  judgment.     The  following  are  examples  : 

1.  All  the  planets  revolve  round  the  sun. 

2.  No  metals  are  compounds. 

3.  Some  verbs  are  copulative. 

4.  Some  substances  do  not  expand  with  heat. 

A  hypothetical  proposition  makes  an  assertion  (the  con- 
sequent), subject  to  the  fulfilment  of  a  certain  condition  (the 
antecedent).  It  represents  an  attitude  of  doubt  with  regard 
to  phenomena  which  we  often  find  it  necessary  to  adopt. 
Examples  are  : 

1.  If  the  barometer  falls  rain  may  coirie. 

0 
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2.  Wherever  ocean  winds  prevail  extremes  of  climate 

are  absent. 

3.  If  wishes  were  horses  beggars  would  ride. 

(b)  The  middle  term  of  a  syllogism  is  the  one  through 
which  the  relation  between  the  major  and  minor  term  is 
ascertained.  It  occurs  in  the  premisses,  but  not  in  the 
conclusion.  A  term  is  distributed  when  reference  is  made 
to  every  member  of  its  denotation.  The  middle  term  is 
distributed  in  each  of  the  following  syllogisms  : 

1.  All  the  metals  are  elements; 
Iron  is  a  metal, 
Therefore  it  is  an  element. 

The  middle  term,  "  metal,"  is  distributed  in  the  major 
premiss. 

2.  No  material  substance  is  unaffected  by  gravitation  ; 
Air  is  a  material  substance, 

Therefore  it  is  not  unaffected  by  gravitation. 

The  middle  term,  "  material  substance,"  is  distributed  in 
the  major  premiss. 

(c)  Abstraction  is  the  mental  process  by  which  we  separate 
the  qualities  common  to  all  the  members  of  a  class  from 
individual  differences.  It  is  one  of  the  factors  in  the  process 
of  forming  a  general  notion  or  concept.  Thus  by  abstrac- 
tion I  make  a  mental  separation  of  the  qualities  common  to 
apples,  oranges,  plums,  grapes,  etc.,  and  am  thus  enabled  to 
form  a  general  notion  of  "  fruit."  It  is  a  necessary  ante- 
cedent to  generalisation.  This  latter  is  a  unifying  or 
synthesising  process  by  which  the  common  elements  of  a 
class  are  combined  so  as  to  form  a  general  class  notion. 
The  same  process,  directed  towards  a  somewhat  different 
end,  enables  us  to  pass  from  a  series  of  particular  judgments 
to  a  universal  truth.  Thus,  observing  that  Venus,  Mercury, 
Earth,  Mars,  etc.,  all  revolve  round  the  Sun,  I  reach  the 
universal  or  general  judgment  :  All  the  planets  revolve 
round  the  Sun.  Here  the  universal  judgment  is  a  summary 
only  of  the  particular  judgments,  but  usually  it  goes  outside 
experience  as  when  we  say  that  all  material  things  are 
subject  to  universal  gravitation. 

6.  "  From  negative  premisses  you  can  infer  nothing." 
Explain  and    illustrate   this  statement.     (Certificate, 

1893.)     (See  page  148.) 

7.  What    is    meant    by    apprehension,    judgment,    and 
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reasoning  respectively  ?  Illustrate  your  answer  by  refer- 
ence to  school  lessons.     (Certificate,  1893.) 

Apprehension  is  the  process  by  which  the  mind  obtains  the 
notion  or  idea  of  an  object.  Thus,  in  a  lesson  on  the  River 
Thames,  the  child  having  its  attention  directed  to  the  various 
points  of  importance,  gradually  comes  to  apprehend  what 
the  term  implies.  So  also  a  child  is  said  to  apprehend  the 
effects  of  a  certain  battle  or  other  historical  event. 

Judgment  is  the  process  of  comparison  of  two  ideas  with  a 
view  to  a  decision  as  to  whether  they  agree  or  differ.  This 
process  underlies  the  great  majority  of  the  exercises  which 
children  are  engaged  in  in  school.     For  example: 

1.  In  Grammar. — All  exercises  in  parsing  and  analysis 
involve  a  succession  of  judgments. 

2.  In  History,  the  conclusions  to  which  the  narrative 
points  are  judgments,  e.g.,  Alfred  was  a  great  law-giver; 
the  reign  of  Henry  VII.  was  a  turning  point  in  English 
History,  etc. 

3.  In  Science. — The  general  Truths  which  constitute 
scientific  knowledge  are  all  the  expression  of  an  act  or  acts 
of  judgment. 

Reasoning  is  the  process  of  passing  from  one  or  more 
judgments  to  others.     It  is  either  deductive  or  inductive. 

Deductive  reasoning  is  always  employed  whenever  a  general 
law  is  applied  to  a  particular  case.  Thus,  in  concluding 
that  a  verb  is  in  the  objective  case  after  a  transitive  verb 
we  are  applying  a  rule  of  syntax.  In  Euclid,  Arithmetic, 
etc.,  deductive  reasoning  is  prominent  (see  p.  124). 
Instances  of  inductive  reasoning  in  school  lessons  may  be 
found  by  referring  to  pp.  64-65. 

8.  What  operations  of  the  mind  correspond  with  the  three 
parts  of  the  syllogism  ?  From  which  syllogisms  can  you 
infer  Universal — Particular — Negative  inferences,  or  none 
at  all  ?     (Certificate,  1894.) 

For  a  complete,  mediate,  deductive  inference  there  must  be 
three  terms  and  three  propositions,  so  arranged  as  to  admit  of 
the  conclusion  being  inferred  from  the  premisses.  Corre- 
sponding with  these  respectively  we  have — 

(a)  Simple  apprehension  underlying  the  use  of  the  term. 

(b)  Judgment  giving  rise  to  the  proposition. 

(c)  Inference  or  reasoning  by  which  the  conclusion  is 

reached  from  the  premisses. 

o  2 
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With  regard  to  the  second  part  of  the  question — 

Universal  conclusions  maybe  reached  when  both  premisses 
are  universal. 

Particular  conclusions  when  one  premiss  is  universal  and 
one  particular. 

Negative  conclusions  when  one  premiss  is  affirmative  and 
one  negative ;  and 

No  conclusion  when  both  premisses  are  negative  or  both 
particular. 

9.  Define  Science  and  Art.  Show  how  they  mutually 
improve  each  other.  What  is  Logic  ?  What  is  its  chief 
mental  value  ?     (Certificate,  1894.) 

We  may  describe  the  difference  between  a  science  and  an 
art  briefly  by  saying  that  while  a  science  teaches  us  to  know, 
an  art  teaches  us  to  do.  Science  seeks  the  general  laws 
underlying  phenomena,  while  an  art  adopts  the  teaching  of 
science  or  even  of  experience  in  order  to  accomplish  some 
practical  end.  Thus,  out  of  the  science  of  astronomy  there 
springs  the  art  of  navigation.  It  is  obvious  that  a  scientific 
knowlege  of  the  laws  of  phenomena  is  of  the  utmost  value 
to  one  who  wishes  to  adapt  them  to  some  useful  end.  Thus, 
the  teacher  who  knows  the  laws  governing  mental 
phenomena  must  be  a  more  skilful  member  of  his  profession 
than  one  who  does  not.  In  a  less  degree  practical  skill 
reacts  on  scientific  knowledge.  Thus,  the  pupil  teacher  who 
has  struggled  unguided  through  a  wearisome  apprenticeship 
may  be  able  to  throw  some  light  on  the  theories  of  the 
scientific  educationist.  For  the  best  results  it  may  be  said 
that  science  and  art  should  proceed  pari  passu  at  any  rate  in 
teaching.  Logic  is  a  science  so  far  as  it  investigates  the 
principles  of  valid  thought ;  it  has  its  practical  side  also,  for 
these  principles  become  regulative,  to  the  teacher  they  should 
be  most  distinctly  so.  Its  chief  mental  value  is  that  it  tends 
to  promote  clearness  and  accuracy  of  thought  by  bringing 
up  into  sharp  relief  the  facts  of  consciousness. 

10.  Distinguish  between  analogy  and  induction,  hypothesis 
and  theory.  What  is  needed  besides  induction  for  ascer- 
taining scientific  truths  ?  In  what  various  senses  is  the  word 
"fact"  used?     (Certificate,  1894.) 

By  analogy  we  infer  that  since  certain  points  of  resem- 
blance obtain  between  two  things  the  resemblance  holds  in 
other  respects  also.     Thus,  because  Mars  is  similar  to  the 
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earth  in  many  respects  we  infer  by  analogy  that  it  may 
also,  like  the  earth,  be  inhabited.  In  analogy  the  instances 
are  few — generally  only  two — and  it  is  inferred  that  the 
resemblance  is  deeper  than  appears.  In  induction  we  infer 
that  one  or  two  points  of  similarity  which  we  have  observed 
in  a  large  number  of  instances  hold  universally,  or,  at  any 
rate,  widely  ;  the  resemblance  is  broad  rather  than  deep. 
Thus,  having  observed  that  iron,  lead,  zinc,  etc.,  are 
all  elements,  we  infer  inductively  that  all  metals  are 
elements. 

A  hypothesis  is  an  assumption  made  to  explain  phenomena. 
Until  rigid  tests  by  deduction  and  verification  by  comparison 
with  fact  have  been  made,  this  term  is  still  applied  to  the 
assumption.  Thus  the  polar  currents  of  Nansen  are  of 
the  nature  of  a  hypothesis. 

A  theory  may  be  defined  simply  as  an  established 
hypothesis.  Thus  we  have  the  undulatory  theory  of  light, 
Dr.  Wells'  theory  of  dew,  etc.  The  terms  hypothesis  and 
theory  are  used  somewhat  loosely,  and  are  often  freely 
interchanged. 

Induction  must  be  joined  with  Hypothesis  and  Verifica- 
tion by  Deduction  to  form  a  complete  scientific  method. 
An  induction  provides  the  basis  of  a  hypothesis,  and  the 
consequences  of  this  latter,  deductively  inferred,  must  agree 
with  fact  before  scientific  truth  may  be  said  to  have  been 
reached. 

Fact  is  used  (a)  as  contrasted  with  hypothesis,  (b)  as 
implying  a  particular  instance  in  contrast  to  a  general  law, 
(r)  as  equivalent  to  truth  or  reality. 

11.  By  what  process  of  reasoning  would  you  prove  that 
the  earth  is  round  ;  or  that  the  room  in  which  you  are  is 
not  empty,  but  filled  with  something ;  or  by  examining  a 
bird,  that  it  was  an  animal  made  to  live  in  the  air  ?  What 
name  would  you  give  to  the  process  in  the  last  case. 
(Certificate,  1895.) 

(a)  That  the  earth  is  round  might  be  established  as 
follows : 

The  roundness  of  the  earth  is  assumed  as  a  hypothesis  ; 
and  before  a  hypothesis  can  be  accepted  it  must  be  verified. 
Now  agreement  with  fact  is  the  sole  and  sufficient  test  of 
hypotheses.  If  the  earth  be  round,  the  hull  of  a  ship  will 
disappear  below  the  horizon  before  the  sails;  this  is  observed 
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to  be  true.  Again,  if  the  earth  be  round,  it  will  throw  a 
round  shadow;  this  also  is  verified  in  lunar  eclipses.  Thus 
the  roundness  of  the  earth  may  be  proved  by  the  agreement 
of  the  hypothesis  with  fact. 

(b)  That  the  room  is  not  empty  may  be  established 
thus  : 

Never,  except  in  the  case  of  experiment,  has  a  vacuum 
been  found  on  the  surface  of  the  earth.  Had  such  been  the 
case,  so  striking  an  occurrence  must  have  been  recorded. 
Hence  we  have  here  the  two  conditions  for  the  validity 
of  an  inductio  per  enumerationcm  simplicem  satisfied.  (See 
p.   72.) 

(c)  In  the  case  of  the  bird  the  inference  would  be  of  a 
deductive  kind,  and  might  be  expressed  by  the  following 
syllogism  : 

All  winged  creatures  live  in  the  air ; 

This  bird  has  wings, 

Therefore  it  is  made  to  live  in  the  air. 

12.  Distinguish  between  generalisation  and  reasoning 
from  analogy,  and  give  an  instance  of  each.     (Certificate, 

1895-) 

See  answer  to  Question  10,  and  pp.  116,  117. 

13.  What  is  Logic?  What  are  the  chief  uses  of  its 
study  ?  Why  should  teachers  especially  make  a  study 
of  it? 

For  the  former  part  of  the  question  see  answer  to 
Question  9. 

With  regard  to  the  importance ,  of  the  subject  to  the 
teacher  the  following  remarks  may  be  made : 

(a)  It  conduces  to  clearness  and  adequacy  of  thought, 

and  hence  is  calculated  to  improve  the  teacher's 
own  knowledge. 

(b)  It  sets  forth  the  pitfalls  which  are  open  to  all  who 

make  careless  or  hasty  inferences.  The  teacher 
may  inculcate  habits  of  valid  thinking. 

(c)  It  is  a  sort    of  guide    to    exposition.       It  would  be 

difficult  to  summarise  the  different  ways  in  which 
exposition  is  aided,  but  it  may  be  said  that  the 
doctrine  of  conception,  definition,  division,  the 
methods  of  induction,  analogy,  hypothesis,  and 
explanation,  are  all  intimately  associated  with  the 
daily  work  of  the  teacher. 
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14.  Explain  the  logical  words  Term,  Proposition,  and 
Syllogism,  and  give  the  psychological  words  for  the 
corresponding  mental  acts  of  each.     (Certificate,  1896.) 

For  explanations  see  Index.  For  the  corresponding 
mental  acts  we  have — 

Simple  apprehension  and  conception  corresponding  to 

the  term ; 
Judgment  corresponding  to  the  proposition  ;  and 
Reasoning  corresponding  to  the  syllogism. 

15.  Distinguish  between  observation  and  experiment, 
and  show  how  we  may  learn  by  experiment  what  we  could 
not  learn  merely  from  observation.  (Certificate,  1897.) 
(See  pp.  89-93.) 

16.  What  is  the  difference  between  (1)  a  description, 
(2)  a  definition,  and  (3)  an  explanation  ?   (Certificate,  1898.) 

A  description  is  the  predication  not  of  an  essential 
characteristic  {i.e.,  the  differentia)  of  the  thing  described, 
but  of  some  accidental  quality.  Thus,  if  I  speak  of  a 
planet  as  a  heavenly  body  which  shines  by  reflected  light, 
this  is  a  description.  For  if  a  davk  body  which  revolved 
round  the  centre  of  gravity  of  the  solar  system  were 
discovered  the  term  "  planet "  would  still  be  applied  to 
it.     (See  p.  45.) 

A  definition  is  an  explicit  statement  of  the  connotation  of 
a  term.  In  a  definition  a  necessary  or  essential  character- 
istic of  the  thing  defined  is  predicated.  Thus  a  definition 
as  contrasted  with  a  description  of  "  planet  "  would  be  a 
heavenly  body  moving  in  an  orbit  of  small  eccentricity 
round  the  centre  of  gravity  of  the  solar  system. 

An  explanation  sets  forth  the  relation  of  fact  with  fact,  or 
fact  with  law,  or  law  with  law.  Its  object  is  the  generalisa- 
tion of  the  isolated  phenomena  of  Nature.     (See  p.  178.) 

17.  Show  how  logical  form,  as  displayed  in  the  syllogism, 
tends  to  clearness  of  thought.  (Certificate,  1898.)  (See 
pp.  160,  161.) 
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absolute  Terms,  21 
Abstract  terms,  18 
Accident  or  accident,  3G 

—  inseparable,  37 

—  separable,  36 
Accident,  fallacy  of,  184,  18$ 
^Esthetic  faculty,  cultivation  of, 

80 
Allegory,  120 

Ambiguous  middle  term,  147 
Analogy,  115-121 

—  as  a  basis  of  inference,  11G 

—  as  an  aid  to  discovery,  117 

—  as  an  aid  to  illustration  and 

exposition,  117-12  L 

—  definition  of,  115 

—  in  language,  119-120 
Analysis,  metaphysical,  51,  52 
Antecedent,  152 
Argumentum  ad  hominem,  186 

—  adpopulwn,  186 

Art,  distinguished  from  science,  5 


Begging  the   Question,  see 
Question 


Canons  of  Syllogism,  140-142 
Categorematic  words,  17 
Cause,  common  and  logical  views 
compared,  85,  86 

—  defined,  84 
Causes,  plurality  of,  99 
Composition,  fallacy  of,  183 
Conception,  7-10 

—  connection  with  judgment, 

12 


Conception,  importance  of  atten- 
tion to  process  of,  9-10 

—  process  of,  7-8 
Concepts,  nature  of,  8 
Conceptualist,  8 
Conclusion,  139 
Conjunctions,  divisions  of,  53,  54 

—  parsing  of,  54 
Connotation   and   denotation    of 

terms,  24-30 

—  change  in,  26 

—  importance   of    distinction  t 

24-28 

—  limits  of,  27 
Connotation,  distinction  between,. 

24 

—  nature  of,  25 

—  question  of  priority,  25,  26 

—  relation  between,  24,  25 

—  synonyms  of,  28 

—  suggestions  to  teachers  con- 

cerning, 28,  29 
Consequent,  152 
Conservation  of  energy,  87 
Contradiction,  see  Opposition 
Contrary,  see  Opposition 
Conversion,  135 

—  per  aecidens  or  by   limita- 

tion, 135 
Convertend,  135 


Deduction  defined,  63 

—  functions  of,  123 

—  general  remarks  on,  158, 146 

—  importance  of,  123,  124 

—  kinds  of,  125 
Deductive  sciences,  161 
Definition  of  terms,  40-48 

—  by  description,  44,  45 
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Definition  by  type,  46 

—  forms  of,  36-42 

—  genetic  or  constructive,  45, 

46 

—  per   gouts  et    differentiamt 

42 

—  processes  of  thought  involved 

in,  40 

—  process  of,  40 

—  rules  of,  46-48 

—  uses  of,  40-42 
Definitions,  main   fault  in   chil- 
dren's, 44 

Denotation,  see  Connotation 
Description,  see  Definition 
I  >ichotomy,  56-59 

—  objections  to,  58 

—  uses  of,  58,  59 
Dictum  de  omni  et  nuUo,  143 
Differentia,  33-35 
Distribution  of  terms,  127,  128 
Diversity  of  Nature,  70 
Division,  50-59 

—  cross,  53,  54 

—  exhaustive,  56,  59 

—  fallacy  of,  184 

—  importance  of,  50 

—  operations  distinct  from,  51, 

52 

—  relation   to   definition,    50, 

51 

—  rules  of,  52,  55 


EMPIRICAL  LAW,  73 
Enthymeme,  141 
Equivocation,  fallacy  of,  182,  183 
Example,  120,  121 
Experiment,  see  Observation 

—  advantages  of,  91,  92 
Explanation,  175-178 

—  deductive,  176-178 

—  desire  for,  175 

—  inductive,  176 

—  instances  of,  176,  177 

—  limits  to,  178 

—  popular  view  of,  175 

—  remarks  on,  178 

—  scientific  view  of,  175-178 


Fallacies,  common,  lso-is; 

■ —  due    to    ambiguity   of   lan- 
guage, 182-185 

—  due   to   neglect   of   laws  of 

deductive    reasoning,    180- 
182 

—  material,  185,  186 
Fallacy,  definition  of,  180 
Fundamentum  divisionis,  51 


General  Notion,  how  reached, 
7-8 

—  value  of  clear  and  adequate, 

9 
Generalisations,  rise  of,  62 

—  hasty,  64 

General  truths,  varyingdegrees  of 

certainty  in,  63 
Generic  terms,  8 
Genus,  33-35 

—  su  nun  mi/. 

—  proximate,  55 
Gravitating  body,  lesson  on,  30 


H 

Heavenly  Bodies,  division  of, 

54,  57 
Heterogeneous  effects,  109 
Homogeneous  effects,  109 
Hypotheses,  166-172 

—  constructive.  170 

—  definition  of,  167 

—  desctiptive,  170 

—  illustrative,  170 

—  in  everv-day  investigations. 

167 

—  in  scientific  investigations. 

168,  169 

—  kinds  of,  170 

—  relation    to    teaching.    170- 

172  f 

—  requisites   of    a    good,  169, 

170 
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IGNORATIO  ELENCHI,  185,  186 
Illicit  process  of  the  major  term, 
148,  149,  181 

—  of  the  minor  term,  148, 149, 

181,  182 
Imagination,  scientific,  166 
Induction  defined,  63 

—  methods  of,  96  et  seq. 
Induction,       essential        charac- 
teristics of,  67 

—  importance  to  teachers,  64, 

65,  96 

—  perfect  and  imperfect,  68 
Inductio  per  enumerationem  sim- 

2)licem>  71-74 
Inference,  65 

—  by  parity  of  reasoning,  69 

—  from  particulars  to  particu- 

lars, 68,  158-160 

—  immediate,  130-136 

—  mediate,  139-144 
Instance,  see  Example 
Irrelevant  conclusion,  185,  186    . 


Judgment,  12,  13 


M 

Material  Substances,  di- 
vision of,  55,  56 

Mental  phenomena,  how  properly 
divided,  52 

Metaphor,  120 

Method,  joint,  103,  104 

—  canon  of,  103 

—  instances  of,  103 

—  remarks  on,  104 
Method  of  agreement,  97-99 

—  canon  of,  98 

—  illustrations  of,  98 
Method   of    agreement,    remarks 

on,  99 

—  of  difference,  101-103 

—  canon  of,  1Q2 

—  instances  of,  102 

Method  of  concomitant  variations, 
110-112 

—  canon  of,  111 

—  instances  of,  110,  111 

—  remarks  on,  111 
Method  of  residues,  107-109 

—  canon  of,  109 

—  instances  of,  10S 

—  remarks  on,  109 
Methods  of  induction,  96  et  seg. 

—  suggestions       to       teiichers 

concerning,  104,  105,  112, 
113 


Language  and  Thought,  4, 13 
Law,  77 

—  derivative,  78 

—  of  nature,  77 

—  of  universal  causation,  83-87 
Logic,  an  art,  5 

—  and    astronomv,    112,    113, 

117,  124,  162/ 

—  and  geography,  64 

—  a  science,  2 

—  definition  of,  1 

Logic  and  grammar,  16,  20,  64 

—  and  mathematics,  65,  118, 

124,  161,  162 

—  and   mechanics,    118,    119, 

124,  171. 


N 

NAME,  definition  of,  15 

—  of  a  class,  8 

—  substitute    for   thought,    8, 

15 
Nominalist,  8 
Noun,  definition  of,  44 
Noun,     abstract     and     concrete, 

19 

—  divisions  of,  51,  53 

—  general  and  collective,  IS 

—  parsing  of,  19 

Nutation,  logical  explanation  of, 
112,  113 


IV 


O 

Observation    and     Experi- 
ment, 89,  94 

—  characteristics  of,  90,  91 

—  mental  conditions  of  correct, 

93,  94 
Obversion,  13G 
Opposition,  130-134 

—  contradictory,  181,  132 

—  contrary,  132,  188 

—  square  of,  134 

—  sub-contrary,  138 

—  subaltern,  133 


Paradox,  120 

Personification,  120 

Petitio  principii,  fallacy  of,  18G, 

187 
Physical  partition,  51 
Poems,  division  of,  52 
Predicable,  definition  of,  37 
Predicates,  the,  33-37 

—  illustrations  of,  37 
Predicate  of  a  proposition,  18 
Premiss,  139 

—  major,  140 

—  minor,  140 
Proposition,  12 

—  disjunctive,  152 

—  hypothetical  or  conditional, 

152 

—  indefinite  or  indesignate,  126 

—  kinds  of,  125,  126 

—  particular  affirmative,  127 

—  particular  negative,  127 

—  singular,  125 

—  universal  affirmative,  126 

—  universal  negative,  126 
Proprium  or  propertv,  36 
Psychology,  52,  89 

Pun,  120  ' 


Q 

QUESTION,  begging  the,  186,  187 
Quest  ion-begging  epithets,  187 


RATIO,  lesson  on,  29 

Residual  phenomena,  see  Method 

of  Residues 
Rules  of  Syllogism,  146-149 


Scientific  Method,  stages  in 

the  historv  of,  168-169 
Simile,  120 
Specific  terms,  34,  35 
Species,  33-35 

—  in  fun  a,  86 
Subaltern,  see  Opposition 
Sub-contrary,  tee  Opposition 
Subject  of  proposition,  13 
Svllogism,    advantages    of,    142, 

160,  161 

—  arrangement  in,  140 

—  canons  of,  142-144 

—  definition  of.  L39 

—  extent  to  which   employed, 

158-160 

—  mixed,  153 

—  mixed  disjunctive,  153 

—  mixed  hvpothetical,  153-155 

—  rules  of.'  146-  U9 
Syncategorematic  words,  17 


Tennyson,  35,  81,  119,  120 
Terms,  12,  15 

—  absolute  and  relative,  21 

—  collective,  18 

—  concrete  and  abstract,  18 

—  connotative,  27 

—  contradictory,  21 

—  contrary  or  opposite,  21 

—  distributive  use  of,  18 

—  general  and  collective,  18 

—  kinds  of,  15-21 

—  major,  140 

—  middle,  140 

—  middle,  undistributed,  147 

149,  180,  181 
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Terms,  minor,  140 

—  positive  and  negative,  20 

—  privative,  21 

—  single- worded     and     many- 

worded,  16 

—  singular  and  general,  17 
Thing,  definition  of,  18 
Thought,  definition  of,  2 

—  validity  of,  4 


U 

Unifobmities    of     Co-exis- 
tence, 73 

Uniformity  of  Nature,  76-81 


Uniformity  of  Nature,  suggestions 

to  teacher  concerning,  79 
Universal  causation,  law  of,  89 

V 

Validity  of  Thought, 

formal,  3 

—  material,  4 

Verbal  transformations,  6S 
Verbs,  division  of,  53 

W 

Words,  categorematic,  17 

—  syncategorematic,  17 
Wordsworth,  52,  80,  81 


Botany  and  Nature   Study. 

Nature    Study    and    the 

TeaCher.  Adopted  by  the 

— — — -^^— _—_ —————  London  County  Council. 

By  D.   C.   WILLIAMS. 

With  Prefab  by  R.  E.  HUGHES,  M.A.,  B.Sc,  H.M.I. 

Being  a  Graduated  Course  of  Lepsons  on  Animal  and 
Plant  Life  for  the  Standards,  together  with  153  Black- 
board Illustrations,  Specimen  Essays,  and  blank  pages 
for  Notes. 

Price,  net,  2s. ;   post  free,  2s.  3d. 


Nature   Lessons   for  Juniors. 

A   Nature   Programme  and 

ItS         wOnneCtlOnS*  London  County  Council. 

Third  Edition  Revised. 

By  JEANIE    MACKENZIE. 

Containing  a  complete  Course  of  NATURE  LESSONS 
arranged  for  Spring,  Summer,  Autumn  and  Winter, 
and  Correlated  STORIES,  GAMES,  and  EXPRESSION 
LESSONS,   with  numerous  ILLUSTRATIONS,  for  FREE- 

arm     Drawing,    clay     modelling,     Cutting, 
Folding,  and  Brush-Work. 
Price,  net,  4s.  6d. ;   post  free,  4s.  lOd. 
One  of  His  Majesty's  Head  Inspectors  writes  : 

"I  think  very  highly  of  the  Nature  Programme." 

Seasonal   Nature  Lessons 

fr||*       llllliors  A  Year's  Course  of  24  Lessons. 

By  MARGARET   HARDIE. 

Each  Lesson  contains  an  INTRODUCTORY  STORY,  with 
Illustrated  Expression  Lessons  in  COLOURING,  PAPER- 

Cutting,     Modelling,     &c. ;     also     Suggestiye 

READING   and   WRITING  LESSONS. 
Price,  net,  2s.  6d.;    post  free,  2s.  9d. 


Object  Lessons. 


The  Graded 


Adopted  by  the 
London  County  Council. 


Object  Lessons, 


With  Blackboard   Illustrations. 


In  Three  Volumes. 


OWEN   A.    PARRACK,    F.R.G.S. 

Price  each,  net,  3s. ;  post  free,  3s.  4d. 


Vol.   I.  contains  : 
Lessons  from  Common  Objects. 

— Tea ;  Cocoa  ;  Sugar ;  Milk  ; 
Butter  and  Cheese  ;  Orange  ; 
Banana  ;  Cotton  ;  Paper  ; 
India-Rubber ;  Feathers. 

Animal  Lessons.  —  Elephant  ; 
Camel  ;  Fox  ;  Sparrow  ; 
Herring-;   Seal. 

Plant  Lessons.— Holly  and  Mistle- 
toe; Daffodil. 

Mineral  Lessons.— Coal ;  Salt. 

Miscellaneous  Lessons. — Light- 
house ;  Diver ;   Skin  ;   Snow. 


Vol.  II.  contains : 
Flower    and     Insect     Series.— 

Buttercup  ;  Fly  ;  Geranium  ; 
Bee  ;  Sweet  Pea  ;  Ant ;  Sun- 
flower;  Spider;  Primrose. 

Animal   Lessons. — Babbit;  Rats 

and  Mice;  Beaver;  Lion. 

Bird  Lessons.— Skylark;  Ostrich. 

Food  Lessons. — Wheat ;  Bread ; 
Eggs;  Coffee;  Cocoa-nut. 

Miscellaneous.  —  Petroleum 
Lamps  ;  Eye  ;  Candles  ; 
Slate. 


Vol.  III.  contains 
Flowers. — Poppy;  Pansy;  Lupin. 

Trees.— Oak  ;      Fir     and     Cone ; 
Horse-Chestnut. 


Birds. — Pigeon ;    Common  Fowl ; 
Duck. 

Animals. — Sheep;    Goat;    Cow; 
Tiger. 


Monsters  of  the  Deep.— Whale; 
Shark. 

Wonders  of  the  Deep.— Sponge ; 

Coral;   Pearls. 
Manufactures.    —   Needles  ; 

Matches ;       Pens ;       Suction 

Pump;   Leather. 
Special  Lesson. — Volcano. 


THE   "  BEAUMONT"   CONTINENTAL  SERIES  OF 

Geography  and    .     • 
Flap  Tracing  Books, 

America,  Asia,  Africa  ana  Curope- 

By  Owen  A.  Parrack,  F.R.G.S. 

Useful   to  Examination    Students    as    #ids    to 
Map   Draw:ngo 


Full  Directions  for  Tracing  and  Colouring  are  given  on  all 

the  Maps,  and  on  the  opposite  page  geographical  facts 

and  figures  relating  to  each  are  summarised. 

AM  ERICA  contains  North  America,  South  America,    s.    d. 
Mexico  and  Central  America,  The  West  Indies, 
Dominion  of  Canada  ...         ...       price,  net     o     2 

ASIA  contains  Asia,  Indian  Empire,  India's  Neigh- 
bours, Russia  in  Asia,  Chinese  Empire  and 
Japan  ...  ...  ...  ...       price,  net     o     2 

AFRIC3  contains  Africa,  South  Africa,  Central  and 
South  Africa,  North-East  Africa,  North- West 
Africa  ...  ...  ...  ...       price,  net     o     2 

EUROPE  contains  Europe,  France,  Holland  and 
Belgium,  Spain  and  Portugal,  Switzerland, 
Norway,  Sweden  and  Denmark,  Germany,  Italy, 
The  Balkan  Peninsula,  Russia,  Austria- Hungary, 
Mediterranean  Sea  ...  ...       price,  net     o     3 
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